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Preparation, Isolation, and Structure of [NBu,]* [i-Fe(CO),-B;H,,]-; Preparation and
Isolation of Fe(CO),B,;H,,: Electrophilic Stabilization of a Heptaborane Species

By OriN HoLLANDER, WiLLiaMm R. CLAYTON, and SHELDON G. SHORE*
(Department of Chemistry, Ohio State University, Columbus, Ohio 43210)

Summary The crystalline solids [NBu,J*[u-Fe(CO),-
B.;H,;]~ and Fe(CO)B,H;, have been isolated and the
structure of the [u-Fe(CO),-B;H,,]~ ion has been deter-
mined.

THE existence of heptaboranes has been inferred from studies
of boron hydride pyrolysis products.! However, the validity
of some of this work has been questioned.? Indeed, a
neutral heptaborane or a heptaborane anion has yet to be
isolated and well characterized as a binary hydride species.
The B,H,,~ ion was prepared in solution;? it decomposed
above —70° in solution and the isolated tetra-n-butyl-
ammonium salt rapidly decomposed upon warming from
—78° to room temperature. An attempt to convert
B,H,,~ into a neutral boron hydride failed.*

We report here the preparation and structure of [u-Fe-
(CO)4-B,H ]~ and the preparation of Fe(CO),B,H,,. The
ion (Figure) is a B; pentagonal pyramid with a BH; group
and an Fe(CO), group inserted into bridging positions
between and beneath basal borons. Boron-boron and
boron-hydrogen distances fall within observed values for
boron hydride structures.® The average B-Fe distance is
2:20 + 0-02A. The position of the Fe(CO), group is as yet
undetermined in Fe(CO),B,H,;, but is most likely in a
bridge site. Both [BuNj+{u-Fe(CO),-B,H,,]~ and Fe(CO),-
B,H,, appear to be stable at room temperature for at least

an hour; the latter compound melts at about 20°. These
appear to be the first examples of stabilization of boron
hydride species by an electron-withdrawing group. Stabil-
ization of boron hydrides such as BH; by electron donors is
well-known.5

FIGURE.

The structure of p-Fe(CO)-B,H,,~

w-Fe(CO)-BgH, ® is smoothly and rapidly deprotonated
at a bridging site [equation (1)] as in the case of BgH,,.7
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p-Fe(CO)y-BgH,( + KH —>K+ [p-Fe(CO)-BeH, ]~ +H, (1)

Proton competition reactions procedurally similar to pre-
viously described studies® showed that u-Fe(CO),-BgH,, is a
stronger Brensted acid than BgH,,.

Crystalline [NBu,]*[u-Fe(CO),-B;H,,]~ was isolated as in
equations (2) and (3).

K+[u-Fe(CO)-BgH,]~ + [NBy,J* I- —> [NBuy,]*
[u-Fe(CO)BgH,I~  (2)
+ KI

[NBu,3* [u-Fe(CO)-BgH,y]~ + 1/2 B,Hy —— [NBuy,]*
[u-Fe(CO)-B,H,, 1 (3)

Crystals of [NBu,]*[u-Fe(CO)-B;H,,]~ are of the mono-
clinic space group P2,/c: a = 10-891(5), b = 11-656(6),
c = 23-803(9) A, B =90-34(1)°, Z =4. At —50° the
intensities of 5770 unique reflections were measured using
Mo-K, scintillation counter data of which 2283 were
greater than 3¢(I) and were regarded as observed.
Positions of non-hydrogen atoms were located by a com-
bination of direct methods and a Fourier map. There is
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unresolved partial disorder in the cation. Hydrogen atoms
were located by a difference Fourier and a conventional R
of 0-11 was obtained.

Liquid, anhydrous HCl was added at —196° to a known
quantity of isolated K*[u-Fe(CO);-B,H;}~. At —110°
reaction (4) occurred ; one equivalent of H, was quantitatively
recovered, and no B,Hg or u-Fe(CO),-BgH,, was formed.

K+[u-Fe(CO);-B,H,,]~ + HCl —> Fe(CO),B,H,,
+ H, + KCl (4)

The 1B n.m.r. spectrum of Fe(CO),B,H,, in CH,Cl, (*H
decoupled) consists of three broad low-field resonances (6 =
—10-7 —5-3, Op.p.m.) and a high-field resonance (§ =
53-2 p.p.m.). The m.s. of Fe(CO),B,H,; at 55 °C included
a parent ion group of peaks followed by successive loss of
three CO groups. A similar fragmentation behaviour has
been reported for Fe(CO),BgH, 4.8
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