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The dicesium salt of the icosahedral borane anion dodecahydroxy-closo-dodecaborate(2-), closo-Cs;B12(OH)ia,
Cs,4, was prepared using an improved synthetic pathway. Heating cesium dodecahydro-closo-dodecaborate, closo-
Cs,B1sH1,, Csp1, with 30% hydrogen peroxide added in successive increments at 105—110 °C provided Cs,4 in
95% vyield. Reaction progress was monitored using 'H-decoupled B NMR while YO NMR provides the most
reliable way to detect the presence of peroxides in the reaction solution. The reaction may be safely increased in
scale to afford Cs,4 in multigram quantities.

Introduction tions as hydrophobic space-filling pharmacophdresakly

Since closcborane dianions antlosocarboranes are ~ coordinating anion; components of radioimaging re-
regarded as three-dimensional aromatic spéciesd their ~ 2gents; or drug delivery systems, and as targets for boron
reactivity and bonding properties have received attention dugneutron capture theragy. These so-called camouflaged
to analogy with arenes, the substitution chemistry of the Polyhedral borane derivativEs serve as cores for the
parent species of polyhedral boranes and carborates synthesis of dendrimer-like derivatives known as closoriers.
[B1H172 (1),2 continues to be intensively investigated. Very recently it has been demonstrated that the spherical
Twelve-fold substitution ofl, closo[1-CB11H15~ (2), and sheath of hydroxyl groups id can be fully derivatized
the three isomeric dicarbaboranetogol,2-, 1,7-, and 1,  affording closomeric dodecaest&ér¥and dodecaethet&;'’
12-GB1oH12) has been accomplished providing hydrophobic respectively. Furthermore, dodecaborates bearing twelve

derivatives such aslose[B1,Cl17)?",* close[CB11(CHz)17 ~,° organic linkers with terminal functionality were synthesiZed
and closa1,12-GB1o(CHs)12,° respectively. Recently, we  for biomedical applications. In order to implement the full
have reported the B-perhydroxylation bf2, andclosc1, potential of compound G4 an improved synthetic method

12-(HOCH)2-1,12-GB1oH1o (3) by treatment with hot aque-  has been sought for this salt, since the yields were not
ous 30% hydrogen peroxide leadingdiosoCsB1(OH)1» consistent using previously published synthésds. addi-
(Cs4), closoCs[1-H-CB11(OH)4] (Cs5), andcloso1,12- tion, it was imperative to safely increase the scale of4Cs
(H)2-1,12-GB1o(OH)y0 (6), respectively.® Per-substituted

borane clusters of all types generally have potential applica- (g) peymann, T.; Knobler, C. B.; Khan, S. I.; Hawthorne, MJFAM.
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Scheme 1

synthesis to multigram quantities in order to extend the
chemistry of this very versatile species.

Results and Discussion

The hydroxylation of Cg (Scheme 1) carried out ac-
cording to the describéd protocol led to inconsistent yields
of Cs4. Reinvestigation of this reaction confirmed the
supposition that the per-B-hydroxylated species is thermo-
dynamically less stable than boric acid. Consequently, once
kinetic conditions exist for the formation of boric acid in
the reaction mixture (easily detected B NMR spectros-
copy) the formation of additional boric acid is favored over
product leading to a reduced yield of £sThe use of excess
30% hydrogen peroxide (40 mL per g of £L§ or a reaction
temperature above 12C increases the loss of &ghrough
boric acid formation.

Another problem which sometimes occurred while using
an excess of b0, was the failure of Cgl to precipitate even

after a reaction time of 12 days, and in these cases the

separation of Gg from excess KO, presented difficulties.
The removal of hydrogen peroxide under vacuum is unsafe

and not recommended, especially when the solution contains

polyhedral hydroborates and the destruction of excess
hydrogen peroxide with HB? or catalytic amounts of
MnO,?° increases the concentration of unwanted ions and is
not attractive.

To overcome these problems, a search was carried out for

an improved synthesis of @swhich would provide higher
yields allowing a scale-up of the procedure with a minimum
of risk. The method of choice which evolved utilized
proportionally less hydrogen peroxide and lower reaction
temperatures than those previodslyemployed. Thus, a
minimal amount of 30% hydrogen peroxide is initially
employed to completely dissolve &£sat 105°C (about 15

20 mL of 30% HO, for 2.5 g of Cgl). The reaction
temperature is always maintained below 110, and
precipitation of the Cssalts of hydroxylated products begins
after 3-5 days. After 5 days th&#B NMR spectrum of the

supernatant reaction solution indicates the progress of the

reaction. If the reaction is not complete, an additional 2 mL
of 30% HO, (small-scale procedure) is added and the
reaction is continued for two additional days. This procedure
is repeated until thé'B NMR spectrum of the supernatant
reaction solution exhibits only one singlet atL7.1 ppm.
Figure 1 shows the time-dependent product distribution in
the aqueous phase as determined ushiglecoupled''B
NMR spectra. The solubilities of boric acid, hydroxylated
intermediates, and @ are sufficiently high to allow the

(19) Herzog, A.; Knobler, C. B.; Hawthorne, M. B. Am. Chem. Soc.
2001 123 12791-12797.
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S. L.J. Catal.1998 176, 321-328.
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Figure 1. Proton-decouple!B NMR spectra of the hydroxylation process
of Cs1 showing the course of the reaction as a function of tne.

assumption that equilibrium of the supernatant solution and
the precipitated solids exists near the conclusion of the
reaction and well before.

Starting with one signal in théH-decoupled'B NMR
spectrum of Cgl, the formation of various partially hy-
droxylated dodecaborates is observed as a collection of
resonances representii§ environments present in solution.
Finally, only one symmetrical singlet (&9 is observed,
signaling the completion of the reaction. It is noteworthy
that no boric acid has been forméég resonance at 20 ppm)
in the reaction even after 12 days. In general, small-scale
reactions (0.5 to 2.5 g of GF are completed within 59
days.

The precipitate obtained after the completion of the
reaction was collected by filtration. Since Zss partially

(21) The proton-decoupleB NMR spectra shown in Figure 1 were
obtained during the scaled-up reaction described in the Experimental
Section, and they are generally representative of all hydroxylation
reactions, regardless of size. The only variable is the reaction time,
which depends upon the amount of starting materiall@ad HO,
employed at the beginning of the reaction, and subsequently.
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soluble in water, the filtrate was examined for the presence 500 spectrometer at 160 MHz and externally referenced t¢ BF
of H,O,, which must be destroyed before evaporation to EtO; peaks l_pri_eId_of the reference are designated as negative.
dryness to achieve increased recovery. It was found that theElectrospray ionization mass spectra (ESI-MS) were recorded by

most reliable and sensitive way to detect the presence ofinjection of an aqueous solution into an ion spray source with the
H,0, in the filtrate is through the use ofO NMR mass spectrometer operating in the negative-ion mode. Infrared data

. . L . were obtained using KBr pellets.
spectroscopy, since hydrogen perOXId? eXthItS. a s_lgnal at Dicesium Dodecahydroxyelosododecaborate (Cs4). To Csl
174 ppm? If excess hydrogen peroxide remains in the

) . i (15.0 g, 36.8 mmol) was added 30% hydrogen peroxide (30 mL),
filtrate, the filtrate is stirred for another 2 days at 1W5to and the mixture was heated to 105. Additional HO, was added

destroy HO; by thermal soaking. When the presence gD slowly with vigorous stirring in 10 mL portions until all of the

is no longer detected by NMR, the filtrate is concentrated Cs)1 was dissolved (6< 10 mL of H,0, was added over a period
to 3—5 mL and an additional NMR search for peroxides is of 1 h) and the solution stirred for 5 days at +0BL0°C. Thel!B
carried out. Once peroxide-free, the residue obtained by NMR of the supernatant reaction mixture then indicated that the
evaporation of this filtrate is dried and the residue is hydroxylation reaction was not complete. The reaction mixture was
combined with the originally precipitated reaction product, treated with HO, (20 mL) and stirred for an additional 2 days at
washed with cold water, and dried under vacuum to give 105°C and the!'B NMR examined. This procedure was repeated

Cs4 in 95% yield. This result led to an increase in the scale until the 1B NMR of the supernatant reactant mixture contained
oS B to. 15 4 of G only one signal. (Three such additions were made, i.&.,28 mL

. . . . of H,0O, and 3x 2 days reaction time; in total: 170 mL of 30%
In conclusion, an improved synthetic method leading to H,O,, 13 days reaction time.) Precipitation of hydroxylated material

CsA4is described. Less hydrogen peroxide, a lower reaction pegins between the fifth and the eighth day. Following each new
temperature, and reaction control Vi#8 NMR provides  addition of HO,, the white precipitate present initially became
higher yields of Cgt than previousl{® described. Further-  yellow during heating to 105110°C and colorless after23 h at
more, a convenient method for the detection eOH(*’O this temperature. After completion of the reaction, the4Gsas
NMR) and its thermal decomposition without the introduction separated by filtration and washed with cold water and the filtrate
of additional reagents is provided. The great advantages ofstored at £C overnight to obtain additional product, which was
this method are high vyields and the feasibility of safe, separated by filtr_ation and V\(e_tshed with cold wat_er to give additional
multigram scale-up. CsA4. In order to isolate additional product, the filtrate was checked
for H,O, (detected by’O NMR spectroscopy at 174 ppi
and heated at 165110 °C for an additional 2 days to destroy
H,0,, if detected. In the event that no peroxides were detected the
CAUTION! On the scale and under the conditions described filtrate was directly concentrated to 5 mL and checked again
here, no explosions he occurred during the synthesis of s for peroxides. Once peroxide-free, the solvent was removed and
Nevertheless, this does not rule out the possibility of such.zame the residue washed with cold water and dried under vacuum, leading
when dealing with polyhedral boranes, hydroborates, or carboranes to an additional 5% yield of G4. Total yield: 20.9 g, 94.6%.
and hydrogen peroxide. Departure from the reported procedure is The analytical data were in agreement with those reported previ-
not recommended, and extreme precautions should always be takemusly:8
to ensure the identity and purity of all reagents. The use of adequate 1B NMR (H,0) 6 = —17.1; IR (KBr pellet) 14 (cm™1) = 3370
shielding to contain possible explosions is mandatory. (s, v br), 1190 (s), 1127 (s), 714 (m); ESI-M%$z = 335.1 [H1] .

General ProceduresPureclosoK,B1,H1,, K»1,223was obtained
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