A New Heteroborane,
1-Thia-closo-decaborane(9), B;H,S

Sir:

Various authors have recently emphasized the classi-
fication of known heteroboranes in terms of the num-
ber of electrons which are assignable to the framework
bonding.? Such classification led to a prediction of
the existence of BsH,S as a new closo? heteroborane with
a bicapped Archimedean antiprism structure.! We
wish to report a verification of this prediction with the
synthesis and characterization of the subject thiaborane.
The only previous report of closo thiaboranes is that
for two B-substituted phenyl derivatives of the parent
Bi:H1:S, most likely icosahedral molecules, although
structural characterization was not definitive. *

The preparation of 1-thia-closo-decaborane(9) was
effected by pyrolysis of BgH;;S4 at 375° in vacuo. The
desired product was conveniently separated from the
small amount of unreacted BsHy;S in the volatile pyrol-
ysate by conversion of the latter to (C,H;);N-BsH;;S
followed by vacuum sublimation at 30-40° to give a
509 yield of pure 1-ByH, S (mp 216.5-217.0°. Anal.
Caled: B, 70.31; H, 6.56; S, 23.15. Found: B,
70.47; H, 6.39; S, 22.96). The low-resolution mass
spectrum shows typical boron envelopes;® the parent-
peak profile is the most intense feature with a cutoff at
mfe 140 corresponding to !'By'H,¢?2S;* and a weaker
cutoff in the correct relative intensity to correspond to
11By1H,434S," at m/e 142. The infrared spectrum ex-
hibits peaks at 2600 vs, 2560 vs, 1011 w, 972 m, sh,
958 s, 910 w, sh, 902 m, 873 vw, 810 s, 750 w, sh, 738 m,
721 m, 685 s, 660 w, 610 s, 603 s, and 532 m in the 4000-
250-cm~* region (KBr disk; s = strong, m = medium,
w = weak, sh = shoulder, v = very).

The 1B nmr spectrum of 1-BgH,S in benzene is
identical in appearance at 32.1 and 70.6 MHz® con-
sisting of doublets at —74.5 (171), 4.8 (178), and 17.6
(152) ppm [chemical shifts are relative to external
BF; - O(C.H:;), followed by coupling constants (hertz)
in parentheses] in intensity ratios of 1.0:4.1:4.0, re-
spectively. These data are entirely consistent with an
axial placement of the sulfur atom in the bicapped
Archimedean antiprism structure of Ci, symmetry
shown in Figure 1. The other possible isomer of
thiadecaborane consistent with the structural trends
evident among heteroboranes®? places the sulfur in an
equatorial site (C, symmetry, 2 position of Figure 1)
and would be expected to give a !B nmr spectrum with
six doublets, three of intensity one and three of in-
tensity two.

In a given heteroborane, the borons with a lower
coordination number have been noted to give lower
field resonance signals.> The axial boron in 1-BgH,S
occupies a low-coordination site; however, the low-
field shift is unexpectedly large, 50.2 ppm further than
the lowest field resonance in any other reported thia-
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Figure 1. Proposed structure for 1-thia-c/oso-decaborane(9).

borane” and 44.6 ppm further than that in any other
reported deltahedral borane.” Since deltahedral boranes!
have sometimes been termed ‘“‘superaromatic®®”’ it
is tempting to try to relate this low-field shift to ring-
current effects similar to those described for various
aromatic organic molecules.?®1! The present effect
operates in the wrong direction to be ascribed to such
diamagnetic currents. Also, the paramagnetic con-
tribution is usually thought to be dominant in deter-
mining !B chemical shifts.!? Based on molecular
orbital considerations,!? we feel that the paramagnetic
contribution for the axial borons is larger than that for
the other boron environments in the related molecules
B10H102_, l-BgCHlo_, and l-BgHgs, but the axial-boron
contribution is unusually large in the case of the
thiaborane.

Pure 1-B3H;S is a volatile white solid with a distinctly
“sweet” odor not unlike that of carborane and ex-
hibiting no repulsive “sulfur’” smells. The closo struc-
ture of the molecule seems to render it remarkably
robust in comparison to nido® thiaboranes. It is
reasonably air-stable with decomposition occurring
only over a period of several weeks. Dilute and con-
centrated mineral acids have little short-time effect on
1-ByH, S as does aqueous base perhaps because of its
lack of solubility in water. However, it does dissolve
in a wide variety of organic solvents. Attempts to
exploit the potential donor properties of 1-BsHS with
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assorted Lewis acids and metal carbonyls have thus
far met with frustration. The molecule quantitatively
consumes 2 mol of sodium in tetrahydrofuran, probably
yielding the nido anion ByH;S?*~. Degradation of
1-BgH,S is facile in methanolic KOH and gives various
air and moisture sensitive thiaborane anions which
have thus far eluded very definitive characterization.
We feel that such degradation reactions and oxidative
closure of the resulting deltahedral fragments® portend
the isolation of an entire series of new thiaboranes.
Such reaction chemistry is now under investigation as
is a small yield of a less volatile pyrolysate of ByHuS
which contains a mixture of higher thiaboranes as
shown by mass spectral analysis.
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Electron Repulsion in Pericyclic Transition States
Sir:

In a recent communication! Berson and Salem have
shown that subjacent orbital interactions should, in
principle, favor concerted “symmetry-forbidden’? over
purely nonconcerted diradical pathways in certain
pericyclic reactions. The one-electron energies of
three model transition states for a 1,3-sigmatropic
shift were found to be in the order: la, symmetry
allowed, aromatic Mdbius array? (44/28) < 1b, sym-
metry forbidden, antiaromatic cyclobutadienoid ring
(48) < 1c, noninteracting allyl plus p, diradical (2+/28).
Berson and Salem point out, however, that “it is not
inconceivable that the important two-electron energies
characteristic of open shells could reverse, in certain
cases, the ordering of the nonconcerted and forbidden
transition-state energies.””’! In this communication
we investigate the effect of electron repulsion on the
relative energies of model aromatic, antiaromatic,
and diradical transition states. We show that, in both
4n Hiickel and 4n 4 2 Mobius ‘““forbidden” transition
states, the open-shell electrons can correlate their posi-
tions so as to interact with minimal repulsion, thereby
making such a reversal of energies unlikely. In con-
trast, in a planar trimethylenemethane model transition
state the open-shell electrons cannot avoid each other,
and the large resulting repulsion is responsible for
raising the total energy above that of a twisted biradical.
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The electron repulsion energies of la-c¢ were cal-
culated from the orbital coefficients using the standard
approximation of zero differential overlap.¢ The
coefficients were obtained by assuming all 3’s equal in
1a and 1b and a value of zero for the resonance integral
between the p and allyl = orbitals in 1¢. The calculated
two-electron energies for the Jowest singlet state of each
system are tabulated below, where 7y, is the one-center
repulsion integral, while v1, and +1; are respectively the
repulsion integrals between adjacent and nonadjacent
orbitals.

la: vu + 3ve + 2y
1b: 3eyn + ey + ivis
1c: Sfsvu + "favie + Y/svis

Assuming that the latter two integrals are indepen-
dent of the orientation of the orbitals involved, the
two-electron energies of 1a and 1b relative to 1c are
easily computed. Employing typical® values of the
repulsion integrals, the electron repulsion energy in 1a
is found to be 0.6 eV and in 1b 1.2 eV greater than that
in 1le. The lower two-electron energy of 1c¢c can be
ascribed to the fact that in this system one electron is
“isolated.” Therefore, it cannot at any time appear
simultaneously in a p orbital with an electron of op-
posite spin.®

The most important question now is whether the
subjacent orbital stabilization of 1b relative to 1c¢ can
be reversed by the greater electron repulsion energy
present in the former, and the answer depends on the
relative values of (4 — 2+/2)8 and Y/s(y1 — v15). How-
ever, even for a conservative value of 3 = —1.0 eV
the subjacent orbital stabilization of 1b predominates,
and the forbidden concerted transition state model 1b
is lower in total energy than the model for the diradical
1c. The effect of the one- and two-electron terms in
the Hamiltonian on the stability of 1la—c is shown sche-
matically below.
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The dominance of the subjacent orbital effect in
determining the relative stability of 1b and 1c does not
mean that in other systems a reversal of the one-electron
energy ordering cannot occur when electron repulsion
isincluded. Comparison of 2a, a trimethylenemethane
model for the transition state in the Woodward-Hoff-
mann “forbidden” ,2; + .2 concerted pathway for
the degenerate rearrangement of methylenecyclopro-
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