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Bridge Proton Exchange in B,H,, and Z-CH,B,H,; Low Temperature Nuclear 
Magnetic Resonance Spectra of Static Structures 

By VINCENT T. BRICE, HOWARD D. JOHNSON, 11, and SHELDON G. SHORE* 
(Evans Chemical Laboratovy, Department of Chemistry, The Ohio State University, Colundms, Ohio 432 10) 

Summary Low temperature 'H and I1B n.m.r. spectra of 
B,Hlo and 2-MeB8H, demonstrate: (1) the bridge proton 
exchange rate is slow on the n.m.r. time scale; (2) the 
spectra of B,Hl, thus obtained are consistent with the 
known solid state structure; and (3) the static structure 
of 2-MeB6H, is without a mirror plane of symmetry. 

CORRELATING the 'H and 1lB n.m.r.2 data for B,H,,, (con- 
sistent with C,, symmetry) with the known X-ray crystal 
structure (I)3 (Cs symmetry) has long been a problem. 
One rationale assumes coincidental overlap of basal reson- 
a n c e ~ , ~  while another assumes a rapid tautomerisrn of 
bridge hydrogen atoms thereby averaging the magnetic 
environment of the basal atoms.2 We have resolved this 
problem in favour of the latter explanation. 

Variable temperature 'H n.m.r. spectra (with llB spin 
decoupling) of B8HI0, (Figure 1)  and 2-I\IeB8H,,5 (Figure 2) 
have been obtained. A t  temperatures a t  which the 
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exchange rate is slow on the n.m.r. time scale, resonances 
that can be related to static structures are observed. The 
appropriate weighted averages of the chemical shifts of the 
resonances observed for the systems (Figures l b  and 2b) 
agree within experimental error with the chemical shifts of 
the corresponding resonances at  higher temperature 
(Figures la  and 2a). This confirms the suggestion of rapid 
bridge hydrogen exchange at  higher temperatures as the 
reason for the magnetic equivalence observed. 

The spectrum of BBH1, thus obtained (Figure lb) is fully 
consistent with X-ray structure in that three types of basal 
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B-B bond in the static structure is not adjacent to the FIGURE 1. 

hydrogens) ; (a) basal 1lB atoms spin-decoupled, (b) all 1lB atoms (III), and have obtained data on ~-M~BE.H,- which 
spin-decoupled. support this choice. 

IlB n.m.r. spectra of BBHI,) and 2-MeB8H, are fully 
terminal hydrogen and two types of bridge hydrogen atoms consistent with the lH n.m.r. spectra presented above and 
are observed. further demonstrate the quenching of bridge proton ex- 
By irradiating individual boron atoms as well as various change in each case. 

combinations while observing the 1H n.m.r. spectra of In continuing studies, we find that at  -40 to -6O", the 
BIHlO, we find that the highest field basal terminal proton 1H n.m.r. spectra of 2-MeB8H, and 2-BrB8H, show some, 
and the lower field bridge protons are apparently spin- though no longer all, of the bridge protons to be static on 
coupled to the highest field basal boron which is opposite the n.m.r. time scale. 
the B-B bond. The higher field bridge protons are there- We acknowledge support of this work by the National 
fore adjacent to the B-B bond. Science Foundation. 

The four different basal terminal resonances observed for 
2-MeB6H, together with the four bridge resonances (Figure 

'H n.m.r .  spectra at 100 MHz of B6H,, (B = basal 
terminal hydrogens, A = apical terminal hydrogens, p = bridging boron, in structure ('I). We favour structure 
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