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The application of chromatographic methods to the separation and purifica- 
tion of boron-containing compounds is not without precedent. Particularly relevant 
are reports of complementary thin-layer chromatographic (TLC) separations of po- 
lyhedral borane anions by Wellum et al.’ and of high-pressure liquid chromato- 
graphy (HPLC) of metallocarboranes by Evans and Hawthorne2. Our recent efforts 
in the synthesis of new carborane monoanions capable of conjugation to monoclonal 
antibody for animal and patient studies in one approach to a neutron-capture therapy 
of cancer3 has prompted our investigation into their purification. Until now, the 
purification of simple carborane monoanions by recrystallization has sufficed4. 
Chemical modification of side chain functionalities on these monoanions can result, 
however, in the formation of impurities which co-crystallize with the desired com- 
pound, and/or the formation of impure and syrupy monoanions which crystallize 
only with difficulty, if at all. Moreover, when repeated recrystallizations are neces- 
sary, up to 10% of the monoanion is sacrificed with each recrystallization. Herein 
we wish to describe our initial application of TLC and medium-pressure liquid chro- 
matography (MPLC) on silica to the separation and purification of carborane mono- 
anions5. 

EXPERIMENTAL 

Analytical TLC was performed on glass plates which were precoated with silica 
gel 60 F-254 (0.25 mm thickness, 20 x 20 cm) as obtained from Merck and cut to 
2.0 x 6.6 cm. RF values represent a mobility relative to the solvent phase and were 
measured on analytical plates with an average standard deviation of ~I~0.01. TLC 
spots were visualized by dipping the plates, from which the solvent had been evap- 
orated, in an aqueous solution of silver nitrate followed by towel drying. Gentle 
heating of the plate facilitated visualization of the spot in some cases but was usually 
unnecessary. All column chromatography was performed on Merck Kieselgel 60 
(4@-63 pm) which was vibrated dry into Altex glass columns with either isocratic or 
gradient elution of the solvent using Altex Model 1lOA pumps interfaced with an 
Altex Model 420 programmer at 50-150 p.s.i. Peak detection was made possible by 
the use of a Hitachi Model 100-40 variable-wavelength UV-VIS spectrophotometer 
which is equipped with an Altex Model 155-00 flow cell. Sample fractionation was 
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aided by the use of an LKB-7000 UltroRac fraction collector. In general, 8-ml frac- 
tions were collected in 100 x 13 mm disposable tubes. Ethyl acetate, acetonitrile, 
and methanol were ChromAr grade as supplied by Mallinckrodt. 

RESULTS AND DISCUSSION 

As relatively polar molecules, carborane monoanions require the use of rela- 
tively polar solvent systems to move on silica. For several reasons we wanted to avoid 
the use of aqueous ionic solvent systems and have found that mixtures of methanol 
(l-20%) or acetonitrile (l-5%) in ethyl acetate will provide excellent and reproduc- 
ible separations of carborane monoanions on silica. Our preliminary observations 
indicate, however, that the binding capacity of silica for these compounds is signifi- 
cantly less than for the corresponding undegraded cages, resulting in streaking or 
tailing on the plate or column of silica if too much monoanion is applied. Up to 3 
mg of monoanion per gram of silica has been applied, however, to our columns for 
preparative separations. 

In the case of the pyranosyl monoanion (entry 13), not only was separation 
from the faster-moving borate impurity possible, but anomeric purification in the 
sugar residue was achieved with the resulting isolation of pure a-anomer. The cor- 
responding j?-anomer, originally formed as the minor component of a 9:l anomeric 
mixture in a BF3 . OEt*-catalyzed 0-glycosylatiotP, was identified by ‘H NMR in 
the later fractions of the peak recorded at 254 nm (Fig. 1). Furthermore, the tetra- 
methylammonium (TMA) counterion was not lost or exchanged in the chromato- 
graphic purification as evidenced by both ‘H NMR and combustion analysis, sug- 
gesting that surface interactions on silica do not perturb the nature of this tight-ion 
pair. 

t(min) 
Fig. 1. Chromatographic purification of 1-(2,3-dideoxy-a-~-erythro-hex-2-enopyranosyl)-me~hyl-1,2-di- 
carbadodecahydroundecaborate (1 -) ion, tetramethylammonium salt. Solvent: methanol-ethylacetate 
(5:95). Chart speed: 10 cm/h. Flow-rate: 7 ml/min. Detector: UV (254 run). Column: 250 x 15 mm. 



386 NOTES 

Upon examination of the data presented in Table I, we find that RF values for 
a monoanion do not vary to an appreciable extent with variations in the counterion. 
For M+C2B9H11Ph-, the larger tetraethylammonium (TEA) complex appears to be 
only slightly slower than both the potassium and TMA complexes. With respect to 
cage isomers, the RF values of or&o- and me&-CzB9H1~-M+ suggest that the me- 
&-isomer is slightly more polar than the corresponding or&o-isomer, a fact which 
is not inconsistent with theoretical considerations. Additionally, bis-carborane 
monoanion (entry 11) was found to be slower-moving than mono-carborane mono- 
anion (entry 6) and the RF value of bis-carborane bisanion (entry 12) was about 
20% less than that of bis-carborane moaoanion. 

In thq monoiodination of phenylcarborane monoanio+‘, unreacted starting 
material was detected as the faster-moving component of a mixture on a 500 x 6 

TABLE I 

RF VALUES OF CARBORANE ANIONS 

Solvent A: acetonitrile-ethyl acetate (5:95), solvent B: methanol-ethyl acetate (5:95). 

Entry Sample 
- 

Solvent A Solvent B 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 

K+C2BgH11Ph- 
TMA+&BgH,,Ph- 
TEA+C2B9HI,Ph- 
TMA+C2BgHI,,IPh- 
orrho-K+CaB&2 - 
ortho-TMA+C2BsHIZ- 
meta-TMA+CzBgH12- 
meta-Cs+C2BgH12- 
TMA+CaB9H11C6H4’~-~2- 
Na+C2B9HI ,C6H4-p-C02H- 
TMA+CzBgHj jC&,Hil- 
TMA*+C B H ZZ- * 18 Zf 

OK 

0.33 0.23 
0.33 0.23 
0.31 0.21 
0.30 0.20 
0.36 0.27 
0.36 0.27 
0.33 0.23 
0.33 0.23 
0.28 O.lT* 
0.62* 0.27- 
0.27 0.20 
0.22 0.18 

0.24 0.19 

0.30 0.20 

* In its preparation3 impurities were seen with RF 0.02, 0.22 and 0.30. 
* Solvent: methanol-ethyl acetate (20:80). 

* Solvent: methanokthyl acetate (10:90). 
§ Impurities were seen with RF 0.02 and 0.27. 
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Fig. 2. Chromatographic detection of phenylcarborane monoanion in the presence of iodinated species. 
Solvent: methanokthylacetate (5:95). Chart speed: 20 cm/h. Flow-rate: 5 ml/min. Detector: UV (254 mn). 
Column: 6 x 500 mm. 

mm analytical column (Fig. 2), whereas the corresponding thin-layer chromatogram 
was inconclusive. In independent runs, the iodinated monoanion had a retention time 
of 8.9 min as compared to 10.5 min for the parent monoanion. Chromatography of 
this and other iodinated monoanions (entry 14) indicate that the B-1 bond is stable 
to these chromatographic conditions as evidenced by TLC, ‘lB NMR, and combus- 
tion analysis. 

In conclusion we have found that TLC can be very useful in the detection of 
impurities and/or side products in reactions of carborane monoanions and that 
MPLC can be an inexpensive and yet valuable aid in the separation and purification 
of these compounds withput the loss or exchange of counterion. The application of 
HPLC both in normal and reversed-phase will be the subject of future investigations. 
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