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The syntheses of derivatives of the polyhedral borane anion
[n-B20H18]2- (1) have been the subject of considerable research
because of their potential application in the boron neutron
capture therapy (BNCT) of cancer.1 The synthesis of the
hydroxyl-substituted anion [ae-B20H17OH]4- and its isomer [a2-
B20H17OH]4- have been reported,2 and their oxidation by
aqueous ferric ion has been shown to produce [n-B20H17OH]2-

(5).2 Reinvestigation of this chemistry has led to the discovery
of a new isomer of [B20H17OH]2-: an unprecedented oxygen-,
hydrogen-bridged polyhedral borane anion, [1,1′-(µ-H)-2,2′-(µ-
OH)-1-(1′-B10H8)B10H8)]2-, designated as [µ-B20H17OH]2- (4).
Oxygen-substituted derivatives of4 are readily accessible by
simple alkylation reactions, giving this boron-rich anion the
potential to conjugate to a variety of organic substrates. We
report here the synthesis, structure, and reactions of the oxygen
and hydrogen doubly bridged polyhedral borane anion [µ-B20H17-
OH]2-.
The addition of [Et3NH]2[n-B20H18]3 to a stirred suspension

of NaOEt (preparedin situ from NaH and EtOH) in dry diethyl
ether afforded Na4[1-(2′-B10H9)-2-(OC2H5)B10H8] (designated
Na4[ae-B20H17OC2H5], Na4[2])4 in high yield (Scheme 1A). The
room temperature ferric ion oxidation of2 in anhydrous ethanol
produced [1,1′-(µ-H)-2,2′-(µ-OC2H5)-1-(1′-B10H8)B10H8)]2- (3,
[µ-B20H17OC2H5]2-), isolated in 64% yield as its tetramethyl-
ammonium salt.5 The structural identity of [Me4N]2[3] has been
confirmed by X-ray crystallographic analysis.6

The hydrolysis of3 to [µ-B20H17OH]2- (4)7 was accomplished
in 75% isolated yield by heating a solution of [Me4N]2[µ-B20H17-

OC2H5] in H2O at the boiling point for 24 h (Scheme 1B). In
order to ascertain the fate of the ethyl group of3, this reaction
was also performed with D2O as the solvent. Examination of
the product mixture by1H NMR indicated the presence of EtOD
although some ethylene could also have been formed.
The [µ-B20H17OH]2- anion was also obtained from the

rearrangement of its known isomer [n-B20H17OH]2- (5).2
Heating a solution of [Me4N]2[5] in 1 N HCl for 14 d resulted
in a solution whose11B NMR indicated almost complete
conversion of5 to 4. After recrystallization, the isolation of
[Me4N]2[4] was accomplished in 43% yield. When pure4was
subjected to the same conditions,5 was not observed, demon-
strating that the rearrangement is irreversible.
The anion4 has been characterized by11B NMR spectros-

copy, electrospray ionization mass spectroscopy (ESI-MS), and
X-ray crystallography. An ORTEP drawing8 of the structure
of the 4 anion is shown in Figure 1. This polyhedral borane
anion consists of two [B10H10]2- fragments bridged by both
oxygen and hydrogen atoms. As a consequence of the bridging

atoms between the two borane cages, a six-membered B-H-

B-B-O-B ring is formed. The bond distances within the two
B10 cages are normal and similar to those found in other
[B10H10]2- structures. The hydrogen atom of the-OH group
lies essentially in the plane of the six-membered ring, and there
is a hydrogen bond within the crystal between this hydrogen
atom and a solvent water molecule. The three-coordinate
oxygen atom of4 exhibits essentially planar geometry. The
sum of the three angles about oxygen is 353.7°. This geometry
has been observed previously in species with tricoordinate
oxygen bound to boranes and carboranes.9

A hydrogen atom bridges the two apical boron atoms of the
two borane cages. A similar bridging hydrogen was recently
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structurally identified in [a2-B20H19]3-.10 The apical intercage
B(1)-B(1′) separation in4 is 1.907(9) Å. This is much longer
than the intercage B-B bond in [a2-B20H18]4- (1.699(4) Å),11

but it is comparable to the analogous boron-boron distance in
the hydrogen-bridged structure of [a2-B20H19]3- (1.936(6) Å).10

In contrast to the structures determined for [a2-B20H19]3- and
[a2-B20H18]4-, the B(10)-B(1)-B(1′)-B(10′) array of 4 is
nonlinear because of geometrical constraints imposed by the
bridging oxygen atom. To our knowledge,4 is the first
polyhedral borane to be simultaneously bridged by both an
oxygen and a hydrogen atom which has been crystallographi-
cally characterized.
Both the hydroxyl and the bridging hydrogens of4 are acidic

(Scheme 1C). Dissolution of the anion4 in water produces an

acidic solution (pH≈ 2) due to the ionization of the hydroxyl
proton and the formation of [µ-B20H17O]3-.12 The aqueous
titration of this acidic solution produces no observable changes
in the11B NMR spectrum of the anion. TheKa of the hydroxyl
proton is estimated to be 10-3.13

The deprotonation of the hydrogen bridge of [µ-B20H17O]3-

occurs only in strongly basic solution (Scheme 1C). The
removal of this proton results in the formation of [µ-B20H16O]4-,
which can easily be distinguished from [µ-B20H17O]3- in the
11B NMR spectrum.14 The estimated pKa of this hydrogen
bridge is approximately 13,13 and therefore it is much less acidic
than the hydrogen bridge in [a2-B20H19]3- (pKa ) 7.3).15 This
remarkable difference in acidity is likely the result of the
structures and relative stabilities of the conjugate bases of these
two acids. The conjugate base [a2-B20H18]4-, formed by the
deprotonation of [a2-B20H19]3-, has a stable, strain-free struc-
ture,11 in which theexo-polyhedral boron orbitals that form the
B-B bond are directed toward one another along the B-B
vector. In the corresponding [µ-B20H16O]4- ion, overlap of the
exo-polyhedral orbitals of the apical boron atoms provides a
bent B-B bond of diminished stability due to the geometric
constraints imposed by the bridging oxygen atom. Thus, the
deprotonation of [µ-B20H17O]3- results in a five-membered ring
whose internal strain is no longer relieved by the presence of
the hydrogen bridging the two apical boron atoms.
A demonstration of the facile alkylation of4 is provided by

heating the [µ-B20H17O]3- ion with ethyl iodide in MeCN to
produce3 in 88% yield (Scheme 1B). The efficacious alkylation
reaction of this oxygen-bridged polyhedral borane anion pro-
vides a route to oxygen-substituted species. The derivatization
of 4with organic substrates will lead to a variety of derivatives
having potential utility in BNCT. We are continuing the
exploration of this novel chemistry.
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Figure 1. ORTEP representation of the4 anion showing the atom
numbering scheme. For purposes of clarity, the terminal B-H
hydrogens have been omitted. Some selected interatomic distances (Å)
and angles (deg) are as follows (estimated standard deviations in
parentheses): O1-B2 ) 1.474(7), O1-B2′ ) 1.491(7), B1-B2 )
1.673(9), B1′-B2′ ) 1.662(9), B1-B1′ ) 1.907(9), B1-H1 ) 1.25-
(6), B1′-H1 ) 1.17(6), O1-H(1OH) ) 0.908, H(1OH)-O(1W) )
1.809; B2-O1-B2′ ) 114.4(7), O1-B2-B1 ) 113.2(8), B2-B1-
B1′ ) 99.0(7), B1-B1′-B2′ ) 101.2(7), B1′-B2′-O1 ) 111.6(8),
B1-H1-B1′ ) 104(8), B2′-O1-H(1OH) ) 109.1(11), B2-O1-
H(1OH) ) 130.2(11).
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