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The liquified gasses (ethene, propene, 1-butene) were first condensed into a
steel cylinder and then introduced into the autoclave under pressure.

All products were unambiguously identified by GC/MS. After distillation
of the products NMR spectra consistent with literature information were
obtained.
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A Novel Coordination Mode of
7-Methyl-7-sila-nido-undecaborate(1 — )**

Lars Wesemann,* Michael Trinkaus, and Michael Ruck

The first transition metal complex of a silaborate, 7-methyl-
7-sila-nido-undecaborate(1 — ) (MeSiB,,H,,"), a derivative of
the higher homologue of the carbollide ligand, was described
only two years ago.ll In analogy to the carbon-containing
cluster, the silaborate ligand will be referred to as a silollide
ligand in the following. The known coordination modes of
various complexes of this type that have been characterized
by single-crystal structure analyses are depicted in Scheme 1.
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Scheme 1. Coordination modes of 7-methyl-7-sila-nido-undecaborate(1 — ).

Type A resembles the typical 7° coordination mode, as
known for many complexes of the dicarbollide (nido-
C,ByH,, )P and carbollide (nido-CB,,H;;7) 4 ligands and
as is found in the mixed sandwich anions [Cp*M-
(MeSiB,H,j)|- M= Co, Rh, Ir)P! and the carbonyl com-
plexes [(CO);M(MeSiB,(H,;) ]|~ (M = Ru, Fe).l Both coordin-
ation types B and C are observed in the dinuclear complex
[NBu,],[{HFe(MeSiB,oH,)},] . Herein we will describe com-
pounds of type D which display a hitherto unknown coordi-
nation pattern in borane and heteroborane chemistry that
results from an unexpected B,H activation.

Jordan! and co-workers adapted a method of Chandra and

Lappert®! for the synthesis of dicarbollide complexes from
transition metal amides. Application of the same reaction to
the silollide ligand yields the highly air- and moisture-sensitive
metallasilaborates [NEty][Nb(MeSiB,,H,)-
(NMe,);] (1) and [NEt,][Ta(MeSiB,;H;0)(NMe,);] (2) from
[nido-MeSiB,H,,]~ and [Nb(NMe,);] or [Ta(NMe,)s] [Eq. (1)].
The reaction is almost quantitative according to NMR spectro-
scopy.
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NMe 1
Me,N_ = 2 NMe,
1 ’ N/
Hﬁ M\
\Si’Me Do M
G + [M(NMe,).], THF )R Si—Me (1)

- 2 NHMe,
M = Nb (anion of 1),
Ta (anion of 2)

Compounds 1 and 2 react with any solvent able to dissolve
them, making it impossible to gain crystals. Nevertheless they
can be isolated from THF in good yields, and characterized by
NMR spectroscopy and by C,H elemental analysis if worked
up quickly. Both products show six "B NMR signals in the
ratios 2:2:2:1:2:1 as expected for C; symmetry. The spectrum
is shifted to lower field in comparison with that of the
precursor [nido-MeSiB,(H,]~. Interestingly, the coupling
constant 'Jpy for the boron atoms B7 and B11 in the vicinity
of the metal center (110 Hz) is reduced significantly
[Vpu(B12) =134 Hz].

Reaction of 1 or 2 with THF over more than 24 h leads to
insoluble products, whereas reaction with dichloromethane or
dibromomethane at room temperature selectively gives a
series of new compounds (Scheme 2), depending on the
reaction time. The rate of these reactions allows the course of
the reaction to be monitored by !B NMR spectroscopy.

o NMe, |
Me,N_ M2 e, Me,N 2

M

/ N\
g \g\/ si—Me  cpx, g}\\g\/ si—Me

M = Nb : anion of 1 X =Cl, M =Ta : anion of 3
M = Ta: anion of 2

« T e
\ .{_X Me,N (‘X
M%X (YN E— M‘i\‘x
)K = Si—Me %K > si—Me
/ P /

X =Br, M=Nb : anion of 5
X =Br, M = Ta : anion of 6
X=Cl,M=Ta:anionof 7

X =Cl,M=Ta: anion of 4

Scheme 2. Reactions of 1 and 2 with dichloromethane and dibromo-
methane.

Reaction of the trisamido complex 2 with dichloromethane
at room temperature gives [NEt,][Ta(MeSiB;,H,,)(NMe,),Cl]
(3) within two days, as deduced from NMR evidence. The
monochloro complex 3 also evolves from a mixture of 2 in
THF with an excess of zirconium tetrachloride (ZrCl,), as a
chloride-amide exchanger. Astonishingly, after six days 3 is
almost quantitatively transformed to [NEt,][Ta(MeSiB,,H,)-
(u-NMe,)(NMe,)Cl,] (4), which contains the above-men-
tioned unusual amido bridge between B7 and the tantalum
atom. The u-amido complex 4 can be isolated as brownish
crystals by slow diffusion of hexane into the reaction mixture.
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In agreement with the loss of symmetry from C; to C, the "B
NMR spectrum of 4 shows ten signals (one for each B atom).
The signal of the boron atom carrying the nitrogen bridge
(B7) experiences the strongest downfield shift in comparison
with that of 3. The most conspicuous change is the disappear-
ance of the B,H coupling of the signal of atom B7 in the
proton-coupled "B NMR spectrum, confirming the removal
of the hydrogen atom from the bridging position.

Whereas B,H activation is a relatively common phenom-
enon in borane and heteroborane chemistry, the formation of
a nonmetal bridge between a cage boron atom and a metal
center is rarely observed. Examples of M-C-B bridges have
been reported by Stone and co-workers.” ') Another example
is the so-called orthoboronation reaction in which the phenyl
group of a phosphane ligand binds to a cage boron atom.[!!]

In dibromomethane the reaction of the trisamido com-
plexes 1 or 2 goes one step further to produce [NEt,]-
[Nb(MeSiB,,Hy)(1-NMe,),Br;] (5) and [NEt,][Ta(MeSiB,,Hy)-
(u-NMe,),Br;] (6), respectively, which contain two B-N-M
bridges (Scheme 2). In contrast to 4, compounds 5 and 6
show, according to C, symmetry, six signals in the ratios
2:2:2:1:2:1 in the "B NMR spectrum. The NMR data reveal
that refluxing 2 in CH,Cl, for two days gives [NEt,]-
[Ta(MeSiB;(Hg)(u-NMe,),CL;](7). Crystals of the tribromide
complexes 5 and 6 can be obtained in good yields by slow
diffusion of hexane into the reaction mixture at —30°C. The
constitution of [NBu,][Nb(MeSiB,,Hy)(u-NMe,),Br;](5") was
verified by a single-crystal structure analysis; the molecular
structure of the anion is depicted in Figure 1.1

Figure 1. Molecular structure of the [Nb(MeSiB,,Hg)(u-NMe,),Br;]~ an-
ion in the crystal structure of §'.

The niobium atom is coordinated to the silaborate moiety
and exhibits two long interatomic distances (2.576(7),
2.610(8) A) to the boron atoms, B3 and B6, neighboring the
silicon atom and two short distances (2.138(8), 2.342(7) A) to
B7 and B11. This structural motif has also been observed in
the other metallasilaborates.'>¢ One example for the
coordination of a carborane ligand at a CpNbMe, fragment
is known: the Nb—B distances are 2.456(4), 2.410(4), and
2.414(4) A.I'S) The Nb—Si distance of 2.670(3) A is comparable
with the distances reported for Nb—Si single bonds in
[Cp,Nb(C,H,)SiMe;] (2.669(1) A)! and [Cp,NbH(SiMe;),]
(2.584(2), 2.611(2) A).'"l The Nb-N distances (2.488(6),
2.506(6) A) are much longer than the single bond value
in the amine adduct [Nb(OAr-2,6-Ph,);NMe(HNMe,)]
(2.326(6) A).81 The B—N distances (1.509(8), 1.492(8) A) lie
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in the range between a typical single (B—N: 1.58 A) and a
double (B=N: 1.41 A) bond.[""
The new metallasilaborates presented obey Wade’s rules.?”]

Experimental Section

5: [NEt,][MeSiB,,H},] (197.7 mg, 0.67 mmol) was dissolved in CH,Br,
(10 mL), cooled to the freezing point of the solvent, and added to a
similarly cold solution of Nb(NMe,)s (265.9 mg, 1.26 equiv) in dibromo-
methane (10 mL). The solution was allowed to warm to room temperature
and stirred for four days. The resulting dark brown solution was filtered and
then layered with hexane to give green-black crystals at —30°C that
contained one equivalent of CH,Br,. Recrystallization from dichloro-
methane gave crystals containing one equivalent of CH,Cl,. Crystals for
X-ray structure analysis were obtained by an analogous procedure using
[NBu,]* as counterion. Yield: 0.392 g (73 % ). 'H{"'B} NMR (CD,Cl,, 500 MHz,
TMS): 6 =0.98 (s, 3H, SiMe), 2.15 (s, 1H, H12), 2.21 (s, 1 H, H9), 2.63 (s,
2H, H8/10), 2.67 (s, 6 H, u-NMe,), 2.79 (s, 2H, H4/5), 3.00 (s, 6 H, u-NMe,),
347 (s, 2H, H3/6), 4.97 (s, 2H, CH,Br,); "B NMR (CD,Cl,, 160 MHz,
Et,0-BF;): d=32.1 (s, B7/11), 13.8 (d, 'J =134 Hz, B 3/6), —2.2 (d, '/ =
134 Hz, B9/4/5), —9.0 (d, 'J =134 Hz, B8/10), —11.7 (d, ' =134 Hz, B12);
BC{'H} NMR (CD,Cl,, 125 MHz): 6 =—4.6 (s, MeSi), 51.5 (s, u-NMe,),
56.9 (s, u-NMe,); ?Si NMR (CD,Cl,, 100 MHz, TMS): 6 =36.22; C, H, N
analysis (% ): caled: C 21.09, H 5.94, N 5.27; found: C 20.92; H 6.15, N 5.77.

6: Same procedure as for 5 with [NEt,][MeSiB,H,,] (273.0 mg, 0.93 mmol)
and Ta(NMe,); (397.2 mg, 0.98 mmol, 1.06 equiv). Yield: 0.564 g (69 % ).
'H{"'B} NMR (CD,Cl,, 500 MHz, TMS): 6 = 0.98 (s, 3H, SiMe), 2.37 (s, 1 H,
H12), 2.73 (s, 1H, H9), 2.80 (s, 6 H, u-NMe,), 2.85 (s, 2H, H8/10), 3.11 (s,
6H, u-NMe,), 3.07 (s, 2H, H4/5), 3.31 (s, 2H, H3/6); 'B NMR (CD,Cl,,
160 MHz, Et,0 - BF;): 6 =28.5 (s, B7/11), 8.3 (d, '/ =134 Hz, B 3/6), —5.1
(d, 'V =134 Hz, B4/5), — 6.1 (d, '/ =134 Hz, B9), —10.8 (d, '/ =134 Hz, B8/
10), —13.4 (d, /=134 Hz, B12); BC{'H} NMR (CD,Cl,, 125 MHz): 6 =
—5.0 (s, MeSi), 51.6 (s, u-NMe,), 57.0 (s, u-NMe,); ¥Si-NMR (CD,Cl,,
100 MHz, TMS): 6 =30.25; C, H analysis (%): caled: C 19.04, H 5.13;
found: C 19.27, H 5.33.
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The quest for selectivity is one of the key issues in developing
new, efficient chemical sensors.l'! The use of supramolecular
structures has proved to be one of the best approaches to
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