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Summary: [Me,GaBi(SiMes)2]s (1) was synthesized in
high yield by the equimolar reaction of Me,GaH and Bi-
(SiMe3)s; and characterized by mass and multinuclear
NMR spectroscopy and by single-crystal X-ray diffrac-
tion. [Me,GaBi(SiMe3),]s represents the first Ga—Bi
heterocycle, closing the gap on structurally characterized
Ga—pnicogen compounds. The described reaction dem-
onstrates the potential application of dialkylgallanes to
serve as powerful synthons in organometallic syntheses
requiring mild reaction conditions.

Introduction

Group 13/15 compounds belong to the most inten-
sively studied classes of inorganic main-group-element
compounds. Besides the simple Lewis acid—base ad-
ducts RsM-ER’'3 (M = B, Al, Ga, In; E = N, P, As), which
have been known for almost two centuries,! ME
heterocycles and cages [R.MER',]x and [RMER']x have
been synthesized in large numbers. Four general syn-
thetic pathways, proceeding by H,, alkane, salt, or halo-
silane elimination reactions, have been developed for
the synthesis of amines, phosphines, and arsines of B,
Al, Ga, and In.2 The corresponding MSb heterocycles
were initially reported in 1988 by Cowley et al.,® but
only within the last 5 years have dehalosilylation,* dehy-
drosilylation,®> and distibine cleavage reactions® been
established as general synthetic pathways. In sharp
contrast, organometallic group 13—Bi compounds have
remained almost unknown,” most likely resulting from
their decreased thermodynamic stability.® However, the
highly underexplored status of group 13—Bi compounds
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is not surprising, since organometallic main-group-
element—Bi compounds containing electropositive ele-
ments in general have only been scarcely investigated.®

A few years ago we started our investigations on the
synthesis of group 13—Bi compounds in an attempt to
gain the first insights into their thermodynamic stabil-
ity, chemical reactivity, and solid-state structures.
Stable Lewis acid—base adducts of the types RzM-
BiR'319 and [RsM]z[Bi2R'4]*! containing dative M—Bi
bonds (M = Al, Ga) were obtained by reaction of
bismuthines R3Bi and dibismuthines R4Bi, with tri-
alkylalanes and -gallanes R3M, respectively. In addition,
[Me,AlBi(SiMe3s),]s, to date the only structurally char-
acterized group 13—Bi heterocycle,’> and monomeric
Lewis base stabilized compounds of the type dmap—(R2)-
AlBi(SiMe3),; (dmap = 4-(dimethylamino)pyridine; R =
Me, Et)102 were synthesized by dehydrosilylation reac-
tions between R,AIH and Bi(SiMes)s. All these reactions
were performed under very mild conditions, which were
found to be essential for the synthesis of the desired Al—
Bi compounds due to their facile thermal decomposition.
We expected the synthesis of Ga—Bi heterocycles, which
are unknown to date, also to require such mild reaction
conditions. Since the dehalosilylation reaction between
Me,GaCl and Bi(SiMe3); failed in our hands to give
[Me,GaBi(SiMes),]s, we investigated the utility of the
dehydrosilylation method in the synthesis of the desired
heterocycles. Ga—H bonds (D°s < 274 kJ/mol) have
much lower bonding energies than Ga—ClI bonds (D°29s
= 481 + 13 kJ/mol), rendering gallanes such as di-
methylgallane, Me,GaH, very attractive reagents.’3
However, to the best of our knowledge, Me,GaH, whose
synthesis was reported in 1986, has not been used in
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Scheme 1. Synthesis of [Me,GaBi(SiMes);]s (1) by
Dehydrosilylation Reaction

-25°C
3 Me,GaH + 3 Bi(SiMes); ———»

3 MeaSiH [M92GaB|(SIMea)z]3

1

synthetic chemistry, so far.!®> In contrast to base-
stabilized gallanes such as HzGa-NMes,6 the reactivity
of dialkyl- and diarylgallanes R,GaH generally has not
been investigated in detail, most likely a consequence
of the small number of stable compounds of this type
known to date as well as their lability toward further
decomposition reactions.l” However, our purpose re-
garding the synthesis of Ga—Bi heterocycles under mild
reaction conditions required such a highly reactive
reagent. We now report on our initial studies using
Me,GaH in preparative metalloorganic chemistry, lead-
ing to the synthesis of [Me,GaBi(SiMes)2]s (1), the first
Ga—Bi heterocycle. 1 was investigated in detail by mass
and multinuclear NMR spectroscopy (*H, 13C) as well
as by single-crystal X-ray diffraction.

Results and Discussion

1 was obtained by reaction of equimolar amounts of
Me,GaH and Bi(SiMe3); at —25 °C in pentane (Scheme
1). Pure 1 is stable at ambient temperature under inert
conditions for several hours, whereas solutions of 1 can
be stored even at low temperatures only for short
periods of time. Depending on the solvent, 1 decomposes
at —20 °C within 1 h (pentane or THF) or a couple of
minutes (toluene). Interestingly, the decomposition
pathway differs significantly. Temperature-dependent
IH NMR spectroscopic studies clearly reveal that in
noncoordinating solvents (pentane, toluene), Bix(SiMe3)q,
Mes;Ga, and some elemental Ga are formed in almost
guantitative yield, whereas in coordinating solvents (e.g.
THF), Bi(SiMe3s)s, MesGa, and a large amount of dark
precipitate is obtained.

Due to the extreme sensitivity of 1 toward air and
moisture also in its pure form, no satisfactory elemental
analyses could be obtained. The mass spectrum of 1 (El,
12 eV, 40 °C) displays signals due to SiMez* (m/z 73),
GaMe;™ (m/z 99), Si,Mest (m/z 131), BiSiMez* (m/z 282),
and Bi(SiMes)st (m/z 428), indicating the excessive
fragmentation of 1 under such conditions. The peak with
the highest mass corresponds to the fragment Me,Ga,-
Bi,(SiMe3z)s™ (m/z 836); the molecular ion peak was not
detected. NMR spectra of 1 in pentane show resonances
due to the Ga—Me and Si—Me groups (*H, 6 0.43
(GaMey), 0.61 (SiMe3); 13C, 6 5.1 (GaMey), 6.1 (SiMes);
29Gij, 0 —17.7), whereas in THF the Ga—Me resonances
are shifted to higher field (*H, 6 0.04 (GaMe,), 0.65
(SiMegy); 1°C, 0 3.5 (GaMey), 7.4 (SiMejy)).

Colorless crystals of 1, suitable for a single-crystal
X-ray diffraction study, were obtained from a solution
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Notes
Table 1. Crystallographic Details for 1
empirical formula Co4H72Bi3GasSis
fw 1365.46
cryst syst monoclinic
space group P2:/n (No. 14)
a(A) 9.5769(1)
b (A) 20.8442(2)
c(A) 24.4343(3)
f (deg) 96.077(1)
V (A3) 4850.23(9)
z 4
T (K) 123(2) K
radiation (1 (A)) Mo Ka (0.710 73)
Dcalcd (g Cmis) 1.870
u (mm~1) 12.649
26max (deg) 50
F(000) 2568
cryst dimens (mm) 0.40 x 0.20 x 0.10
no. of rflns 65519
no. of unique rflns 8512
Rmerg 0.1092
no. of params refined/restraints 325/0
abs cor empirical from multiple rfins

max and min transmission 0.2534 and 0.1193
refinement method full-matrix least squares on F2
goodness of fit on F22 0.950
final R indices (1 > 20(1))P R1 = 0.0309, wR2 = 0.0681
R indices (all data) R1 = 0.0483, wR2 = 0.0720
largest diff peak and hole 1.067 and —1.808

e A

a Goodness of fit = {3 [W(|Fo?| — |Fc?])?/(Nobservns — Nparams)} 2.
P R1 =3 (|IFo| — IFcll)/3|Fol (for I > 20(1)). wR2 = { 3 [w(Fo? — Fc?)?/
Y [w(Fo?)?} 2.

in pentane at —30 °C. 1 is isostructural with [Me,AlBi-
(SiMes),]3,12 crystallizing in the monoclinic space group
P2:/n (No. 14). The Ga and Bi atoms adopt distorted
tetrahedral environments, forming a distorted boat-type
ring, as was observed for other six-membered group 13/
15 heterocycles. The Ga—Bi bond distances range from
2.744(1) to 2.783(1) A, which corresponds well to the
sum of the covalent radii for Ga and Bi (2.76 A).
Comparable bond distances were found for [Me,AlBi-
(SiMe3)2]s (2.755(3)—2.793(3) A). As was observed in
isomorphous heterocycles such as [Me;MSb(SiMes).]s
(M = Al %2 Ga,’® In*) and [Me,AIBi(SiMe3);]s, the cen-
tral ring of 1 features two long (at Bil) and four short
Ga—Bi distances (Bi2 and Bi3). Due to the lack of any
other organometallic compounds containing Ga—Bi o-
bonds, only comparisons to Lewis acid—base adducts
R3Ga—BiR'31° and [R3Ga];[Bi;R'4]'* are possible. As
expected, these show significantly elongated Ga—Bi
distances (2.97—3.14 A) according to their dative
bonding character. The endocyclic Ga—Bi—Ga bond
angles found for 1 are significantly larger than the
Bi—Ga—Bi bond angles, ranging from 121.6(1) to 130.7-
(2)° and from 100.7(1) to 103.8(1)°, respectively. The
exocyclic C—Ga—C (115.4(3)—123.4(3)°) and Si—Bi—Si
bond angles (99.2(1)—101.1(1)°) consequently show the
opposite trend. The Ga—C (average 1.990 A) and Bi—Si
bond lengths (average 2.640 A) are within typical
ranges.

Our studies reveal the dehydrosilylation reaction to
be the most versatile pathway for the synthesis of group
13/15 heterocycles. Its high synthetic potential is based
on the use of highly reactive reagents, allowing the
syntheses to be performed under very mild reaction
conditions. These were found to be essential for the
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Figure 1. Molecular structure and atom numbering
scheme of 1; thermal ellipsoids are drawn at the 50%
probability level. H atoms have been omitted for clarity.
Selected bond lengths (A) and angles (deg): Bil—Gal
2.773(1), Bil—Ga2 2.783(1), Bi2—Ga2 2.744(1), Bi2—Ga3
2.751(1), Bi3—Gal 2.757(1), Bi3—Ga3 2.761(1), Bi1—Sil
2.649(2), Bi1l—Si2 2.647(2), Gal—C1l 2.002(7), Gal—-C2
1.978(7); Gal—Bil—Ga2 130.7(1), Gal—Bi3—Ga3 128.6(1),
Ga2-Bi2—Ga3 121.6(1), Bil—Gal—Bi3 103.8(1), Bil—
Ga2—-Bi2 100.7(1), Bi2—Ga3—Bi3 101.5(1), C1-Gal—-C2
115.4(3), Si1—-Bil1—-Si2 100.7(1).

preparation of [Me,GaBi(SiMes),]3, on account of its
facile thermal decomposition in solution. The X-ray
structure analysis of [Me,GaBi(SiMejs),]s closes the gap
on structurally characterized Ga—pnicogen compounds.
The utility of the dehydrosilylation pathway with re-
spect to the synthesis of so far unknown In—Bi hetero-
cycles is currently under investigation.

Experimental Section

All manipulations were performed in a glovebox under an
N atmosphere or by standard Schlenk techniques. Me,GaH
was prepared similar to the synthesis of Me,AlH by reaction
of equimolar amounts of LiGaH, and MezGa followed by
fractionation in vacuo. Bi(SiMes3)s!° was prepared by literature

(19) Becker, G.; Rossler, M. Z. Naturforsch. 1982, 37b, 91.
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methods. 'H, 8C{*H}, and #Si{*H} NMR spectra were re-
corded using a Bruker DPX 300 spectrometer. The mass
spectrum was recorded on a VG Masslab 12-250 spectrometer
in the electron ionization mode.

[Me,GaBi(SiMes);]s (1). At —30 °C Bi(SiMes)s (2 mmol,
0.86 g) was added dropwise to a solution of Me,GaH (2 mmol,
0.20 g) in pentane (10 mL) and slowly warmed to —25 °C. The
initially colorless solution turns brown, and a white solid
precipitates. This suspension is stirred for another 30 min at
—20 °C and then quickly warmed to room temperature to
dissolve the solid. Storage of the resulting brown solution at
—30 °C yields [Me,GaBi(SiMes).]s (1) as colorless crystals (0.49
mmol, 0.67 g, 74%).

M, = 1365.4 g/mol for C4sH7,Bi3GasSis. 'H NMR (300 MHz,
pentane, —20 °C): ¢ 0.43 (s, 6H, GaMe,), 0.61 (s, 18H, SiMe3).
BBC NMR (75 MHz, pentane, —20 °C): 4 5.1 (GaMey), 6.1
(SiMes). 2°Si NMR (60 MHz, pentane, —20 °C): 6 —17.7
(SiMe3). *H NMR (300 MHz, THF-ds, —50 °C): 6 0.04 (s, 6H,
GaMey), 0.65 (s, 18H, SiMes). 13C NMR (75 MHz, THF-dg, —50
°C): 0 3.5 (GaMey), 7.4 (SiMe3). MS (El, 12 eV, 40 °C): m/z
(%) 836 (2) [MesGazBix(SiMes)s]t, 710 (1) [Bix(SiMes)s]*, 627
(2) [MesGa;Bi(SiMes)s]™, 428 (28) [Bi(SiMes)s]™, 282 (24)
[BiSiMes]*, 267 (18) [BiSiMe,]*, 157 (23) [Me,GaSiMe;3]*, 131
(100) [MesSiz]™, 99 (92) [Me,Ga]*, 73 (90) [SiMes]*.

X-ray Structure Solution and Refinement. Crystal-
lographic data of 1 are summarized in Table 1. Figure 1 shows
an ORTEP diagram of its solid-state structure. Data were
collected on a Nonius Kappa-CCD diffractometer. The struc-
ture was solved by Patterson methods (SHELXS-97)% and
refined by full-matrix least squares on F2. An empirical
absorption correction was applied. All non-hydrogen atoms
were refined anisotropically and hydrogen atoms by a riding
model (SHELXL-97).2*
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