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(uz)2—DIMERCAPT0TETRABORANE(10), HZB(UZ-SR)2B3H6

HERBERT BINDER, PARASCHOS MELIDIS, SERDAR SOYLEMEZ AND
GERNOT HECKMANN

Institut fir Anorganische Chemie der Universitdt Stuttgart,
Pfaffenwaldring 55, D-7000 Stuttgart 80

Abstract B4H10 reacts with mercaptans by splitting off H2 to
form HZB(UZ"SR)ZB3H6 III. An unstable ??duct ByHyg RSH I was
identified as a precursor of III. The "'B NMR spectra of III
showed that the B1,3 signals coalesce at 70°C indicating a rapid
inversion. On cooling however, the exo-exo, endo-endo and exo-
endo invertomers were detected.

Introduction

Like diborane, tetraborane(10) has a structure in which there are two
BH2 units, each of which is linked to the rest of the molecule by two
BHB bridges. This structural similarity is reflected in the types of
reaction it undergoes. For example, it is susceptible to attack by
nucleophiles; Lewis bases cleave the BHB bridging units in a manner
reminiscent of their effect on diborane. A general reaction for pre-
paring adducts of the B3H7 group involves bridge cleavage of B4H10 (11

B4H1O + 2L —= B3H7L + BH3L (1

These reactions are believed to proceed via initial attack on boron-2
or -4 (the borons of the BH2 groups) , which are slightly more positive-
ly charged than the other borons, the important difference being that
they have a terminal B(&+)-H(s~) group whereas borons-1 and 3 have a
B-B link.
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Results and Discussion

When B4H10 was treated with mercaptan B4H10*RSH formed immediately
according to (2).

I

The BH2 group is the most susceptible to nucleophilic attack. The
adducts thereby formed are unstable intermediates in the preparation
of the title compound. The adduct I was characterized by its 11B NMR
spectrum which showed signals at -7.2, and -35.8 ppm with an intensity
ratio of 3:1. In the 11B{1H} NMR spectrum, the half width of the two
signals are reduced; this indicates HB1H coupling and rapid exchange
of bridging and terminal hydrogen atoms, apparently because alternative
structures (lIa-c) are possible, Scheme 1. Reaction of B4H10 with the
Lewis base RSH is facilitated by rearrangements involving a reduction
in the number of bridging hydrogen atoms; such rearrangements are a
consequence of the fact that an extra pair of bonding electrons cannot
be accomodated without structural modification of the tetraborane(10).
The adducts I represent only the first stage in the interaction of the
donor molecules RSH with B4H10. Evidently I loses hydrogen readily
whereby a bridging hydrogen atom is substituted by a RS group with
formation of the intermediate II. The reaction may well occur between
the acidic SH hydrogen and a hydridic hydrogen atom of a BH2 group.

The new intermediate II reacts even more readily with a second RSH

thus leading to the formation of III in which two bridging H atoms
(Hu14’ Hu34) are replaced by two RS groups, Scheme 1. That the terminal
hydrogen atom positions as well as the other bridging H positions re-
main unaffected is shown by the 11B NMR spectrum. There was no evi-
dence for the formation of either of the isom?:s in which Hu14, Hu12
or Hu14, Hu23 was replaced by RS groups. The ' 'B NMR spectrum of bis
(uz-methy1mercapto)tetraborane(10) 111a at room temperature ccnsists
of several overlapping multiplets. On warming the sample to 70°C a

NMR spectrum is obtained (Fig.1) whose peaks have areas which point to
an unambiguous assignment of a static and dynamic part of the molecule.
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SCHEME 1. Proposed reaction sequence leading to the formation

of () ,-dimercaptotetraborane(10) III.
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FIGURE 1. '8 and ""B{'H} NMR spectra (64.21 Mz, toluene-dg)

of HZB(uZ—SCH3)ZB3H6 I1Ia for a range of temperature.

The 1H decoupled spectrum shows the intensity ratio 1:1:2, the triplet
of intensity 1 being assigned to B4 and the septet of intensity 2 with
the smaller 11B1H coupling constant to B1B3; the B1BZB3H6 part of the
molecule is fluxional and, moreover, the expected septet for B2 {inten-
sity 1) is not resolved and being overlapped by the triplet of B4,

The change in the 11B NMR spectrum on warming clearly shows the exi-
stence of invertomers. Variable temperature11B NMR studies have shown
considerable barriers to inversion cf the RS group between two adjacent
boron atoms. For this reason we only consider the 1H decoupled B1B3
resonance signal which is well separated from those of B2 and B4, The
broadened singlet at 30°C (Fig.1) begins to split into two signals at
-7°C, which are finally resharpened at -13°C. The two new signals are
assigned to the exc-exo and endo-endo invertomers whereas the unchanged
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sharp signal represents the exo-endo invertomer which is equal to the
average of the chemical shifts of B1 and B3. The unsplit broadened
singlet at 30°C further demonstrates a fast equilibrium between the
exo-exo and endo-endo invertomers. The collapse of the three signals
on warming the sample from ~13°C to 70°C is due to this fast inversion
process. When R = But no inversion is observed which is obviously
because steric hindrance only allows formation of the exo-exo isomer.
With the 11B spectral data it is possible to calculate the activation
energy for inversion in III, Table?2. The 11B NMR data for a series of
compounds of type III are summarized in Table 1.

TABLE 1 ''B NMR data for HB(1y-SR) By (64.21 MHz, toluene-dg)
R s118(p4) Ta(MeMh) s!'8(B2) ''8(8183) 138 ™H) (183)
[ppm] [Hz] [ppm] Cppm] [Hz]
My Ila  -2.0 (1) 125 0.9 -14.7 (sept) 32
70°C unres.
CHs HIb  -4.5 (1) 125 1.1 -16.0 (sept) 30
70°C unres,
prl Ilc  -6.6 (1) 120 1.0 -18.4 (sept) 30
70°C unres.
Bt 111 -11.5 (b 125 -1.8 -22.2 {sept) 30
: 25°C unres.
CeHs I1le  -7.0 (t) 120 -5.0 -19.5 (unres.) -
25°C unres,

t = triplet; sept = septet

TABLE 2 Activation energies E. of the exo~-exo/endo-endo
inversion of HZB(UZ"SR)ZBSHB

Compound Tc Av Ea

R (KI  [Hz] (Kcal-mol™'1
CHy Illa 290 420 12.8

CHg 111D 290 402 12.8

prl 1m1c 290 308 13.0

gu* I1d - - -

CgHg T1le 290 190 13.3

TC = coalescence temperature; av = chemical shift difference of
B1B3 of the exo-exo/endo-endo invertomers
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The compounds IIla, ¢, d, e exhibit an electron-impact mass spectrum
containing cut offs at m/e 146 it 111a; 199 {M-2HY* Ilic; 228 {M-2H}*
iI1d; 270 (MY Ille; the parent envelopes are consistent with the pre-
sence of 4 boron atoms. The compound IIIb polymerizes in the solvent
free state and does not give a mass spectrum at 70 eV/330 K.

As part of this investigation we have recently studied the
reactions of B4H10 with a variety of bifunctional mercaptans which
lead to transannularly bridgéd(u2)Z—dimercaptotetraborane(10) derivat~
ives [2]; these are structurally related to III. The new compounds
reported here together with the recently synthesized compound (u-—MeZN)2
B4Hg [3] are the first examples of bridge substituted B4H10 derivatives.

Experimental

Ina typical reaction 4 mmol of the respective mercaptan are added
tropwise at room temperature to a solution of 2.0 mmol of B4H10 in
CHZCI2 [4]. Hydrogen is evolved in this reaction. After stirring for
30-45 min the reaction is complete. The remaining reaction mixture
is examined 11B NMR spectroscopically. Side products can be (RSBHZ)H.
This work was supported by Deutsche Forschungsgemeinschaft, by Fonds
der Chemischen Industrie, and by Bayer AG.
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