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The syntheses of derivatives of the polyhedral borane anion
[n-B2oH1g)%~ (1) have been the subject of considerable research
because of their potential application in the boron neutron
capture therapy (BNCT) of cancér.The synthesis of the
hydroxyl-substituted aniorap-B,oH17OH]*~ and its isomerg?-
B2gH17OH]*~ have been reportedand their oxidation by
aqueous ferric ion has been shown to produeBfgH,0H]?~
(5).2 Reinvestigation of this chemistry has led to the discovery
of a new isomer of [BgH17OH]2~: an unprecedented oxygen-,
hydrogen-bridged polyhedral borane anion, [&H)-2,2-(u-
OH)-1-(2-B1oHsg)B1oHs)]?~, designated agfB2oH170H]>~ (4).
Oxygen-substituted derivatives dfare readily accessible by
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OC;,Hs] in H,0 at the boiling point for 24 h (Scheme 1B). In
order to ascertain the fate of the ethyl grouBpthis reaction

simple alkylation reactions, giving this boron-rich anion the was also performed with D as the solvent. Examination of

potential to conjugate to a variety of organic substrates. We

the product mixture byH NMR indicated the presence of EtOD

report here the synthesis, structure, and reactions of the oxygeralthough some ethylene could also have been formed.

and hydrogen doubly bridged polyhedral borane anieB4H17
OHJ%.

The addition of [EfNH]2[n-BagH14]° to a stirred suspension
of NaOEt (prepareéh situfrom NaH and EtOH) in dry diethyl
ether afforded N#1-(2'-B1oHg)-2-(OGHs)B1gHs] (designated
Nayae-ByoH170CHs], Nag[2])4 in high yield (Scheme 1A). The
room temperature ferric ion oxidation 8fin anhydrous ethanol
prOduced [1,‘]:(/4-H)-2,2-(ﬂ-OCzH5)-l-(l’-Blng)Blng)]2_ (3,
[u-B2oH170C,H5)%7), isolated in 64% vyield as its tetramethyl-
ammonium salt. The structural identity of [MgN],[3] has been
confirmed by X-ray crystallographic analy$is.

The hydrolysis 08B to [u-BoH170H]?~ (4)” was accomplished
in 75% isolated yield by heating a solution of [M§2[-BooH 17~
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Rad AG50W-X8, 56-100 mesh cation exchange resitH NMR (ppm,
CDsCN): 3.15 (g,Jun = Hz, B—O—CHy); 0.74 (t,Jun = 7 Hz, —CHjy).
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The [u-BaoH17OH]2~ anion was also obtained from the
rearrangement of its known isomen-BaoHi7OH]?~ (5).2
Heating a solution of [MgN],[5] in 1 N HCI for 14 d resulted
in a solution whoseB NMR indicated almost complete
conversion of5 to 4. After recrystallization, the isolation of
[Me4N],[4] was accomplished in 43% yield. When puyrevas
subjected to the same conditiofiswas not observed, demon-
strating that the rearrangement is irreversible.

The anion4 has been characterized BB NMR spectros-
copy, electrospray ionization mass spectroscopy (ESI-MS), and
X-ray crystallography. An ORTEP drawifgf the structure
of the 4 anion is shown in Figure 1. This polyhedral borane
anion consists of two [BH1g)?>~ fragments bridged by both
oxygen and hydrogen atoms. As a consequence of the bridging

. o
atoms between the two borane cages, a six-memberdd-B

- 1
B—B—0O—Bring is formed. The bond distances within the two
Bio cages are normal and similar to those found in other
[B1gH10]?™ structures. The hydrogen atom of th®H 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.This geometry
has been observed previously in species with tricoordinate
oxygen bound to boranes and carborahes.

A hydrogen atom bridges the two apical boron atoms of the
two borane cages. A similar bridging hydrogen was recently

(8) [MesN]z[4] crystallized in the orthorhombic space grolbc2
(standard settingca2;, No. 29) witha = 12.327(4) Ab = 13.476(4) A,
¢ = 16.360(5) A,V = 2718 A, andZ = 4. Data were collected on a
Syntex P1ldiffractometer modified by Professor C.E. Strouse of this
department, using Cudradiation, to a maximum®= 115°, giving 1944
unique reflections, and the structure was solved by direct methods. The
final discrepancy indices werfle@ = 0.069,R,, = 0.086, and GOF= 2.50
for 1313 independent reflections with> 3o(l).

(9) Peymann, T.; Lork, E.; Gabel, Dnorg. Chem 1996 35, 1355~
1360 and references therein.
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B10' acidic solution (pH~ 2) due to the ionization of the hydroxyl
proton and the formation ofufBoH:70]3~.*2 The aqueous
titration of this acidic solution produces no observable changes
in theB NMR spectrum of the anion. THg&, of the hydroxyl
proton is estimated to be 1813

The deprotonation of the hydrogen bridge @fB2o0H170]%~
occurs only in strongly basic solution (Scheme 1C). The
removal of this proton results in the formation gfB2oH160]*",
which can easily be distinguished from-B,oH170]3~ in the
1B NMR spectrunmt* The estimated I, of this hydrogen
bridge is approximately 1% and therefore it is much less acidic
than the hydrogen bridge i@f-B2oH14]3~ (pKa = 7.3)*° 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 basa*{BaH1g]*~, formed by the
deprotonation of §2-BgH19]3~, has a stable, strain-free struc-
ture!! in which theexopolyhedral boron orbitals that form the
B—B bond are directed toward one another along theBB
vector. In the corresponding{B2gH160]*~ ion, overlap of the
exopolyhedral 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 off-B,gH;70]3~ results in a five-membered ring
Figure 1. ORTEP representation of the anion showing the atom whose intemal s.tra.in is no Ionger. relieved by the presence of
numbering scheme. For purposes of clarity, the terminalHB the hydrogen bridging the two apical boron atoms.

hydrogens have been omitted. Some selected interatomic distances (A%_| A demonstration of t?fe_facile_ alkylation dfis provided by
and angles (deg) are as follows (estimated standard deviations inn€ating the 4-BzoH170]°~ ion with ethyl iodide in MeCN to

parentheses): G1B2 = 1.474(7), O¥B2 = 1.491(7), BE-B2 = produce3 in 88% yield (Scheme 1B). The efficacious alkylation
1.673(9), B1-B2 = 1.662(9), BL-B1' = 1.907(9), B:-H1 = 1.25- reaction of this oxygen-bridged polyhedral borane anion pro-
(6), BI—H1 = 1.17(6), OFH(1OH) = 0.908, H(1OH}-O(1W) = vides a route to oxygen-substituted species. The derivatization
1.809; B2-01-B2 = 114.4(7), O+B2—B1 = 113.2(8), B2-B1— of 4 with organic substrates will lead to a variety of derivatives
Bl = 99.0(7), B--B1'—B2' = 101.2(7), B1-B2'—01 = 111.6(8), having potential utility in BNCT. We are continuing the
B1-H1-Bl' = 104(8), B2-O1-H(10H) = 109.1(11), B20O1- exploration of this novel chemistry.

H(1OH) = 130.2(11).
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nonlinear because of geometrical constraints imposed by theJA961385H

bridging oxygen atom. To our knowledgd, is the first (12) Aqueous solutions & are essentially neutral and exhibit one weakly

polyhedral borane to be SimU"aDEOUS'y bridged by both an acidic proton, identifying the hydroxyl hydrogen dfas the strong acid.
oxygen and a hydrogen atom which has been crystallographi- (13) The (K, of the hydroxyl hydrogen was estimated from the pH of
cally characterized. the half-neutralization volume of an aqueous titration. Th&@ pf the

Both the hydroxyl and the bridging hydrogensddre acidic Eud\g/j;rllgegygé%?etﬂgv&s estimated from integratiort'& spectra at several

(Scheme 1C). Dissolution of the anidnin water produces an (14) Spectroscopic data fou{B2oH160]*~. B{H} NMR (ppm, HO,

pH ~ 13.5): 13.8 (2B, B-B); 7.3 (2B, B-0); —8.4 (2B, apical B-H);

(10) Watson-Clark, R.; Knobler, C. B.; Hawthorne, M.IRorg. Chem —22.6 (8B, equatorial BH); —29.5 (4B, equatorial BH); —34.8 (2B,
1996 35, 2963-2966. equatorial B-H).
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