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6.4: Boron Hydrides

Borane and diborane

Borane (BH3) formed in the gaseous state from decomposition of other compounds, (6.4.2) but cannot be isolated except as a
Lewis acid-base complex (6.4.1). As such many borane adducts are known.

BH; + PPhy — H;B-PPh;, (6.4.1)

In the absence of a Lewis base the dimeric diborane (B,Hg) is formed. Diborane is generally synthesized by the reaction if BF3
with a hydride source, such as NaBHy, (6.4.4), or LiAlH4, (6.4.3).

A
H3B-PF; — BH; + PF (6.4.2)
3 LiAlH, + 4 BF 3 — 2 ByHg © + 3 LiAlIF, (6.4.3)

The structure of diborane (Figure 6.4.1 a) is considered to be electron deficient, and has been confirmed by IR spectroscopy and
electron diffraction. The four terminal B-H bonds are normal covalent bonds, however, the bridging B-H-B unit consists of two
three-centered two-electron bonds, each ordinarily considered to be formed by the combination of two boron sp® orbitals and one
hydrogen s orbital (Figure 6.4.1 b). However, a consideration of the H-B-H bond angle associated with the terminal hydrides
(120°) it is perhaps better to consider the BH, fragment to be sp? hybridized, and the B-H-B bridging unit to be a linear
combination of one sp? orbital and one p orbital from each boron atom with the two hydrogen s orbitals. Diborane represents the
archetypal electron deficient dimeric compound, of which Al,Mej3 is also a member of this class of electron deficient molecules.
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Figure 6.4.1: The structure (a) and the t(:[))ical view of the three-centered t(:r)o-electron bonds (b) in diborane, BHg.
B,Hg is spontaneously and highly exothermically inflammable above 25 °C (AH = -2137.7 kJ/mol), (6.4.5). It is often used as one
of a range of solvate forms for safety for both its flammability and toxicity.
3 NaBH,; +4 BF, — 2 ByHg T + 3 NaBF, (6.4.4)
ByHg +3 Oy — B20O3 +3 H2O (6.4.5)
Most reactions of diborane involve the cleavage of the dimeric structure. Hydrolysis of diborane yields boric acid, (6.4.6), while

alcoholysis yields the appropriate borate ester, (6.4.7). Diborane reacts with Lewis bases to form the appropriate Lewis acid-base
complex, (6.4.8).

ByH; + 6 H,0 — 2 B(OH), + 6 H, 1 (6.4.6)
ByH; + 6 ROH — 2 B(OR), + 6 H, 1 (6.4.7)
B2H6 + NR3 —2 H3B—NR3 (648)

Borohydride

The borohydride anion (or more properly the tetrahydridoborate anion), BHy4, can be considered as the Lewis acid-base complex
between borane and H™. A typical synthesis involves the reaction of a borate ester with a hydride source, (6.4.9).

4 NaH + B(OMe) ; — NaBH, + 3 NaOMe (6.4.9)

Sodium borohydride is a stable white crystalline solid that is stable in dry air and is non-volatile. The boron in borohydride (BH4")
is tetrahedral. Although it is insoluble in Et,O, it is soluble in water (in which it reacts slowly), THF, ethylene glycol, and pyridine.
Interestingly, NaBH4 reacts rapidly with MeOH, but dissolves in EtOH. Sodium borohydride has extensive uses in organic
chemistry as a useful reducing agent in which it donates a hydride (H").
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Higher Boranes

Higher boron hydrides contain, in addition to the bridging B-H-B unit, one or more B-B bonds. The higher boranes are usually
formed by the thermal decomposition of diborane, (6.4.10) and (6.4.11).

2 ByHg — B4H; 1y + Hy (6410)
5ByHg — 2 BsHg + 6 Hy (6.4.11)

These higher boranes have ‘open’ cluster structures, e.g., Figure 6.4.2 - Figure 6.4.4 Tetraborane, or to be more precise
tetraborane(10) or arachno-B4Hjy, is a foul-smelling toxic gas. Pentaborane (9) is a toxic liquid (with a distinctive garlic odor) that
can detonate in air, and like decaborane(14) was at one time considered as a potential rocket fuel. Because simple boron
compounds burn with a characteristic green flame, the nickname for these fuels in the US military was Green Dragon. Problems
with using boranes as a fuel included their toxicity and the characteristic of bursting into flame on contact with the air; furthermore,
the exhaust would also be toxic. The US program resulted in a stockpile of borane fuels, in particular pentaborane(9), which was
not destroyed until 2000. The system for the destroying the boranes was appropriately known as Dragon Slayer.
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Figure 6.4.2: The molecular structure of tetraborane(10), B4H;(, pentaborane(9), BsHg, and decaborane(14), B1oH;4 Boron atoms
are represented by pink spheres, and hydrogen by white spheres.
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