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Monocarbaborane chemistry.  Preparation and characterisation of [4-CB8H9],  the ‘missing’ closo-carbaborane anion.
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NMR spectroscopy and structural and NMR calculations on the [4-CB8H9]  anion.

The results of NMR spectroscopy on bulk samples were consistent with the structure derived from the single-crystal work. The 1H-{11B} and 11B-{1H} spectra of the [4-CB8H9] anion 2 consist of 2 : 4 : 2 patterns of singlets for the cage BH units (quartets and doublets, respectively, in undecoupled spectra), and 1H and 13C-{1H} NMR spectra of 2 each show a broad singlet due the cage CH group [doublet in the 13C-{11B} spectrum, 1J(13C-1H) 182 Hz]. The experimental shifts are also consistent with the 11B and 13C shieldings calculated by B3LYP/6-31G*/ GAIO work with various basis sets. The NMR data are summarised as follows:

Observed  NMR data, 294-297K, ordered as: assignment ((11B)/ppm [((1H) {((13C)/ppm where appropriate}] observed splitting from 1J(11B1H)/Hz (relative intensity in parentheses): [PMePh3]+[CB8H9]  (CD3CN solution) BH(5,6) +12.85 [+4.35] 145 (2BH), BH(1,2,7,8)  –14.40 [+1.46] 150 (4BH), BH(3,9) –20.3 [+0.60] 135 (2BH) and CH(4) –  [+4.10]  -  (1CH). [PBu4]+[CB8H9]-  ( CDCl3 solution) BH(5,6) +12.80 [+4.37] 145 (2BH), BH(1,2,7,8) –14.30 [+1.42] 148 (4BH), BH(3,9) –20.3 [+0.64] 136 (2BH) and CH(4)  –  [+4.13 {+44.5}]  -  (1CH). 

Calculated NMR data: DFT-GIAO//B3LYP/6-31G* ((11B)/ppm {((13C)/ppm} values for the C2v-optimised structure are: B(3,9) +9.7, B(1,2,7,8) –16.0 and B(5,6) –20.9; corresponding HF-GIAO/II//MP2(fc)/6-31G* values are: B(3,9) +16.7, B(1,2,7,8) –11.9, B(5,6) –16.9 and C(4) {+47.6}; and HF-GIAO/II//B3LYP/6-31G* values are B(3,9) +11.0, B(1,2,7,8) –18.5, B(5,6) -25.0, and C(4) {+37.2}.

Calculated B3LYP/6-31G* symmetry-locked C2v coordinates for the [CB8H9]- anion 2 are as follows; the coordinates obtained at the other levels of calculation are available from the relevant authors, d.ormsby@ic.ac.uk and / or hnyk@iic.cas.cz. 

B3LYP/6-31G* symmetry-locked C2v structure for [CB8H9].
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