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Microwave studies' of monocarbahexaborane(7) indicate
a structure which is best described as a distorted octahedron
with C, symmetry (Figure 1A). The molecule possesses a
bridge hydrogen which, at normal temperatures, is known? to
tautomerize rapidly, equating borons 2, 3, 4, and 5 on the
NMR time scale. Speculation on the location of this bridge
hydrogen in the static structure has tended to favor a four-
center face bond, where the hydrogen is linked to borons 2,
3, and 6. Calculations by the CNDO method support this
theory.!

Our calculations, using the partial retention of diatomic
differential overlap (PRDDO) method,? indicate that the
unique hydrogen is best described as participating in a slightly
delocalized equatorial-equatorial bridge bond, which interacts
only weakly with boron 6. Thus our results do not favor a
four-center face bond. Calculations of the barrier, using an
assumed intermediate (Figure 1B) with an equatorial-apical
(Bg) bridge, produced values in reasonable agreement with the
experimental barrier and showed that the transition from an
equatorial-equatorial to an equatorial-apical bridge proceeds
smoothly, without a metastable intermediate.

Both the ground state and the transition state were fully
optimized by the PRDDO method, using the orbital exponents
listed in Table I, with the exception of the terminal C-H and
B-H distances, which were fixed at 1.09 and 1.19 A, re-
spectively. Energies of the two structures were also determined
using ab initio 4-31G calculations* on the PRDDO-optimized
coordinates.

Optimized (PRDDO) framework distances and overlap
populations for the ground state are given in Tables Ila and
IITa. The unique hydrogen is 0.33 A farther from boron 6
than from borons 2 and 3, and the H,~B¢ overlap population
is 0.09, compared with the H,—B, overlap population of 0.34.
These data indicate that the unique hydrogen interacts pri-
marily with the equatorial borons and has only a very limited
bonding interaction with the apical boron. The Hy—Bg overlap,
while too small to be considered part of a four-centered bond,
may be a factor in the lowering of the barrier for tautomerism.
Even more striking is the difference in the electron density plot.
In marked contrast to the B,~H,—B; plot (Figure 2A), the
B,~-H,—Bg plot (Figure 2B) shows an area of low electron
density separating the hydrogen from the apical boron.

Notes

Figure 1. Localized valence structures using the Boys’ criterion:”?
(A) for the ground state; (B) for the transition state. Dotted lines
to B, represent electron populations from 0.45 to 0.52 e.

Table I. Orbital Exponents Used for All Calculations

s 2s 2p
C 5.67 1.6725 1.6725
B 4,68 1.375 1.375
H 1.24

Table II. Framework Bond Lengths

atoms a b c
C,-B, (C,-B,) 1.59 1.60 1.60
C,-B, (C,-B,) 1.65 1.63 1.63
B,-B, 1.865 1.87 1.87
B,-B; (B,~B,) 1.68 1.70 1.70
B,-B; 1.71 1.72 1.72
B,-B, (B;-B,) 1.90 1.89 1.89
B,-B, (B,-By) 1.68 1.70 1.70
H-B, (H-B,) 1.41
H-B, 1,74

atoms d atoms d
C,-B, 1.61 B,-B, (B;-By) 1.81
C,-B, (C,-B,) 1,58 B,-B, 1.69
C,-B, 1.63 H-B, 1.37
B,-B, (B,-B,) 1.79 H-B, (H-B)) 2.30
B,-B, 1.85 H-B, 1.35

B,-B, (B,-B;) 1.68

% Fully optimized geometry for ground state. ? Geometry
used to calculate potential surface in Figure 3. € Microwave
geometry from ref 1. 4 Fully optimized transition state.

Table III. Overlap Populations

atoms a atoms a
C,-B, 0.584 19 B,-B; 0.28843
C,-B, 0.482 53 B,-B, 0.601 95
B,-B, 0.204 31 Hy,-B, 0.339 30
B,-B; 0.508 99 Hy,-B, 0.088 31
B,-B; 0.447 40

atoms b atoms b
C,-B, 0.518 07 B,-B, 0.432 81
C,-B, 0.584 81 B,-B; 0.552 15
C,-B, 0.418 18 Hy-B, 0.375 93
B,-B, 0.378 01 Hy,-B, ~0.011 63
B,-B, 0.306 37 Hp-B, 0.374 44
B,~B, 0.513 89

% Qverlap éJOpulations over atoms for optimized ground-state
structure. Overlap populations over atoms for optimized
transition-state structure.

A quadratic synchronous transit’ using the ground state,
the transition state, and an orthogonally optimized structure
at path coordinate 0.5 produced a smooth energy profile which
shows no sign of any intermediate between the ground state
and the transition state. The calculated barriers (19.6 kcal
mol™ using PRDDO and 22.4 kcal mol™! using 4-31G) are in
reasonable agreement with the experimental value of 14 £ 0.5
keal mol™,

In order to rule out the possibility that the unique hydrogen
might flip onto the C,—-B,-B; face, we calculated, using
PRDDO, a potential surface for the movement of the unique
hydrogen in the plane of symmetry. For this calculation we
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Notes

Figure 2. (A) Total electron density plot for the ground state in the
B,-H,-Bsplane. Contour levels are 0.07, 0.09, 0.11, 0.14, 0.50, and
3.0 e/au’. (B) Total electron density plot for the ground state in the

B,-H,-B¢ plane. Contour levels are 0.07, 0.09, 0.11, 0.14, 0.50, and .

0.30 e/au’.

Figure 3. Energy surface for movement of Hy in the plane of
symmetry. Contours are drawn with 10 kcal mol™ spacing.

returned to a structure in essentially exact agreement with that
obtained in microwave studies in order to remove any bias,
The surface thus determined, shown in Figure 3, makes it
extremely unlikely that such a structure is involved in the
tautomerism.® ‘

Our conclusions, therefore, are that the unique hydrogen
is best described as an equatorial-equatorial bridge hydrogen
in the static molecule and undergoes tautomerism at room
temperature by passing through an equatorial-apical BHB
bridge. While some small bonding interaction between the
bridge hydrogen and boron 6 does occur, this interaction
contributes very little to the ground-state valence structure.
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Although the literature contains numerous studies on the
solvolysis of diborane, alkali metal borohydrides, and
amine-boranes,? little is known of the solvolytic behavior of
derivatives of diborane and the borohydrides. This work is
a qualitative boron-11 NMR study of the methanolysis of
Na(CH,),N-2BH;3 and u-(CH;),NB,Hs. In the course of this
investigation it became of interest to examine the methanolysis
of K(CH;);N-BH;, (CH;),NH:BH,, and (CH;),NH-BH,Cl

under similar conditions; these observations are also included.

Results

Na(CH;);N-2BH;. Solutions of Na(CH;),N-2BH; in
methanol are stable at 25 °C for months, but acidification
causes rapid solvolysis according to eq 1.* When the acid

Na(CH,),N-2BH; + 6CH,0H + 2HC| —
(CH,),NH,CI + 2B(OCH,); + 6H, + NaCl (1)

methanolysis is followed by boron NMR at -60 °C (the
solutions were usually diluted with (C,Hs),0 to overcome
low-temperature viscosity problems), signals characteristic of
starting material, u-(CH;),NB,Hs, HB(OCH,;),, and
B(OCH,); are readily detected. An additional weak reso-
nance, barely resolvable as a triplet, is also found under these
conditions at —3.9 ppm (Figure 1). We have tentatively
assigned this signal to the unisolated compound (CHj),N-
H.-BH,OCH, (see below). At —40 °C the Na(CH;),N-2BH,
and u-(CHj3),NB,H; signals rapidly disappear. Warming to
25 °C causes the disappearance of all signals except that of
the ultimate methanolysis product, B(OCH,);, within ca. 2
min,

In separate parallel low-temperature boron NMR experi-
ments genuine u-(CH,;),NB,H; was found to undergo acid
methanolysis in exactly the above manner. As in Figure 1 the
bridge hydrogen coupling was not resolved at —60 °C.

K(CH;),N-BH;. The acid methanolysis of K(CH,),N-BH;
is slower and requires higher temperature than Na(CH,),-
N:2BH;. At -20 °C boron NMR shows only the spectrum
of the starting material. At 0 °C the coupling constant of the
quartet increases from 85 to 99 Hz indicating protonation of
the anion to form (CH,),NH:BHj; (the chemical shifts of the
two quartets differ by only 1.2 ppm).> Complete methanolysis
requires 15-20 min at 25 °C. Parallel NMR experiments
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