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In the past two decades, stable silylenes have attracted much
attention owing to their unique structural features and
reactivity.'¥ Silylenes with two-coordinate silicon have
been studied extensively,! while higher-coordinate silicon(IT)
species are still relatively rare.** In this context, three- and
four-coordinate amidinato-substituted silicon(IT) compounds
should be mentioned.

In continuation of our systematic studies on higher-
coordinate silicon(IV) complexes,” we have succeeded in
synthesizing the six-coordinate bis(amidinato)silicon(IV)
complex 1 (Scheme 1).! Inspired by a recent study by
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Scheme 1. Syntheses of compounds 1-4.
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Roesky et al.,*¥ we transformed 1 into the three-coordinate
silicon(IT) species 2 by using a reductive HCI elimination.
Compound 2 can be described as a donor-stabilized silylene
with both a bidentate and a monodentate amidinato ligand.
With the imino group (a potential donor function) of its
monodentate ligand, this silicon(II) species offers an inter-
esting reactivity profile. Herein we present the syntheses of
1 and 2 and the results of preliminary reactivity studies of 2.

Compound 1 was synthesized by treatment of trichloro-
silane with two molar equivalents of lithium N,N'-diisopro-
pylbenzamidinate in diethyl ether (—20°C to 20°C, 70%
yield; Scheme 1). Reaction of 1 with one molar equivalent of
potassium bis(trimethylsilyl)amide in toluene at 20°C
afforded compound 2 (86 % yield; Scheme 1).

To obtain some information about the reactivity of 2, it
was treated with tungsten hexacarbonyl and iodine, respec-
tively (Scheme 1). Reaction of 2 with one molar equivalent of
[W(CO)¢] in toluene at 20°C afforded 3 (89% yield).
Treatment of 2 with one molar equivalent of I, in toluene at
20°C resulted in an oxidative addition to give 4 (89 % yield).
To the best of our knowledge, compound 3 with its SIN,W
skeleton is the first five-coordinate silicon(II) species
reported, and compound 4 with its SiN,I, skeleton is the
first structurally characterized six-coordinate silicon(IV)
complex with Si—I bonds.

The identities of the crystalline compounds 1-4 were
established by elemental analyses (C,H,N), NMR spectro-
scopic studies in the solid state (*°N, **Si) and in solution ('H,
BC, N (2 and 3 only), ¥Si),! and crystal structure analyses.”!
The molecular structures of 1-4 are depicted in Figures 14,
respectively.

The silicon coordination polyhedra of the six-coordinate
silicon(IV) complexes 1 (Figure 1) and 4 (Figure4) are
strongly distorted octahedra, with the two monodentate
ligands in cis positions. The maximum deviations from the
ideal 90 and 180° angles range from 20.38(11) to 22.19(9)° and
from 15.14(8) to 17.24(9)°, respectively. These strong dis-
tortions mainly result from the two highly strained four-
membered SiN,C chelate rings formed by the silicon coordi-
nation center and the bidentate amidinato ligands, with N-Si-
N angles ranging from 67.89(9) to 70.17(11)°. Generally, the
structural features of 1 and 4 are very similar to those
observed for a series of related compounds, which contain two
identical (pseudo)halogeno ligands (F, Cl, Br, CN, N;, NCO,
NCS) instead of the two monodentate ligands of 1 and 4. The
Si—1 bond lengths of 4 (the first structurally characterized six-
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Figure 1. Molecular structure of 1 in the crystal (ellipsoids set at 50%
probability; hydrogen atoms apart from H1 omitted for clarity).
Selected bond lengths [A] and angles [°]: Si—Cl 2.2518(11), Si-N1
1.969(2), Si-N2 1.887(2), Si-N3 1.962(2), Si—N4 1.876(2), Si-H1
1.42(2), N1-C1 1.315(3), N2-C1 1.352(3), N3-C14 1.320(3), N4-C14
1.333(3); CI-Si-N1 164.53(7), CI-Si-N2 96.36(7), CI-Si-N3 89.16(7), CI-
Si-N4 93.80(7), CI-Si-H1 92.1(8), N1-Si-N2 68.43(9), N1-Si-N3
90.29(9), N1-Si-N4 100.31(9), N1-Si-H1 92.9(8), N2-Si-N3 98.32(10),
N2-Si-N4 162.76(9), N2-Si-H1 98.2(9), N3-Si-N4 67.89(9), N3-Si-H1
163.2(9), N4-Si-H1 95.3(9), N1-C1-N2 108.9(2), N3-C14-N4 107.9(2).

coordinate silicon(IV) species with Si—I bonds; 2.6441(8) and
2.6614(8) A) are somewhat shorter than that reported for the
only known five-coordinate silicon(IV) complex with an Si—1
bond (2.7396(8) A).1¥

The silicon coordination polyhedron of 2 (Figure 2) is best
described as a distorted pseudo-tetrahedron, with the lone
pair as the fourth ligand. The two N-Si-N angles amount to
102.63(5) and 102.29(6)°, respectively. The Si—N bond length
of the monodentate ligand (1.7885(12) A) is significantly
shorter than those of the bidentate ligand (1.9065(12) and
1.9026(12) A), clearly reflecting the different coordination
modes of the two amidinato ligands. Furthermore, the strong
differences between the two N—C bond lengths in the
monodentate ligand (1.2815(17) vs. 1.3978(16) A) indicate
the higher degree of localization of the N=C double bond
compared to the bidentate ligand (1.3319(17) vs.
1.3314(17) A).

The silicon coordination polyhedron of 3 (Figure 3) is
a strongly distorted trigonal bipyramid, with one nitrogen
atom of each of the two amidinato ligands in the axial
positions (N,,-Si-N,,, 145.97(11)°; sum of the equatorial
angles, 360.0°). The axial Si—N bond lengths (2.081(3) and
2.129(3) A) are significantly longer than the equatorial bond
lengths (1.806(3) and 1.808(2) A). The Si—W bond length
(2.5803(9) A) is very similar to that found for comparable
Si"-W and Si™V-WP! bonds. The tungsten coordination
polyhedron is best described as a slightly distorted octahe-
dron.

Angew. Chem. Int. Ed. 2012, 51, 70207023

© 2012 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Angewandte
imemationalediion . CEIMIE

Figure 2. Molecular structure of 2 in the crystal (ellipsoids set at 50%
probability; hydrogen atoms omitted for clarity). Selected bond lengths
[A] and angles [°]: Si-N2 1.7885(12), Si-N3 1.9065(12), Si-N4
1.9026(12), N1-C1 1.2815(17), N2-C1 1.3978(16), N3-C14 1.3319(17),
N4-C14 1.3314(17); N2-Si-N3 102.63(5), N2-Si-N4 102.29(6), N3-Si-
N4 68.37(5), N1-C1-N2 121.22(12), N3-C14-N4 106.94(11), Si-N2-C1
119.85(9).

Figure 3. Molecular structure of 3 in the crystal (ellipsoids set at 50%
probability; hydrogen atoms omitted for clarity). Selected bond lengths
[A] and angles []: Si-W 2.5803(9), Si-N1 1.806(3), Si-N2 2.081(3), Si—
N3 1.808(2), Si-N4 2.129(3), N1-C1 1.357(4), N2-C1 1.315(4), N3—
C14 1.355(4), N4-C14 1.304(4); W-Si-N1 122.23(9), W-Si-N2
107.17(8), W-Si-N3 122.85(9), W-Si-N4 106.86(8), N1-Si-N2 67.42(11),
N1-Si-N3 114.90(12), N1-Si-N4 93.68(11), N2-Si-N3 95.05(11), N2-Si-
N4 145.97(11), N3-Si-N4 66.57(11), N1-C1-N2 108.6(2), N3-C14-N4
109.9(2).

The different coordination modes observed for the two
amidinato ligands in the silicon(II) species 2 (bidentate and
monodentate) and 3 (both bidentate) can be explained by the
increased Lewis acidity of the silicon atom in 3 owing to the
transfer of electron density from the silicon to the tungsten
atom. NMR spectroscopy studies (see below) suggest that 2
contains an SiN, skeleton in solution (at least in terms of
a transient species).
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Figure 4. Molecular structure of 4 in the crystal (ellipsoids set at 50%
probability; hydrogen atoms omitted for clarity). Selected bond lengths
[A] and angles []: Si—I1 2.6614(8), Si—I2 2.6441(8), Si-N1 1.862(3), Si—
N2 1.858(3), Si-N3 1.901(2), Si-N4 1.864(2), N1-C1 1.332(4), N2—C1
1.340(4), N3-C14 1.325(3), N4-C14 1.341(3); 11-Si-12 90.84(3), 11-Si-
N1 88.53(8), 11-Si-N2 94.21(8), 11-Si-N3 164.86(8),11-Si-N4 95.32(8),
12-Si-N1 165.47(9), 12-5i-N2 95.41(8),12-Si-N3 88.95(8), 12-Si-N4
94.55(8), N1-Si-N2 70.17(11), N1-Si-N3 95.41(11), N1-Si-N4 99.96(12),
N2-Si-N3 100.88(11), N2-Si-N4 166.09(12), N3-Si-N4 69.62(10), N1-
C1-N2 106.3(2), N3-C14-N4 107.5(2).

The isotropic *Si chemical shifts of 1, 3, and 4 in the solid
state and in solution are very similar (A8”Si=0.8-5.9 ppm),
indicating that these compounds exist also in solution. In the
case of 2, this shift difference is significantly larger (A8*Si=
16.0 ppm), which could be explained by a rapid exchange of
the four nitrogen sites, possibly involving a four-coordinate
silicon(IT) species with two bidentate amidinato ligands. This
hypothesis is supported by the solution 'H, “C{'H}, and
N{'H} NMR spectra of 2 measured in the temperature range
—80 to 23°C (*H: one doublet and one septet for CH(CH,),;
BC{'H}: two signals for CH(CHs),; “N{'H}: one signal). The
solution NMR spectra of 1, 3, and 4 show also a dynamic
behavior in the temperature range —80 to 23 °C,° but there is
no such a strong impact on the *Si chemical shifts as observed
for 2.

In conclusion, starting from the easily accessible six-
coordinate silicon(IV) complex 1 (SiN,CIH skeleton), we
have succeeded in synthesizing the three-coordinate sili-
con(I) compound 2 (SiN;, solid state), a donor-stabilized
silylene, which could be easily obtained in high yield on
a multigram scale. Treatment of 2 with [W(CO);] afforded the
five-coordinate silicon(II) compound 3 (SiN,W; reaction of 2
as a nucleophile), and treatment of 2 with I, resulted in an
oxidative addition to give the six-coordinate silicon(IV)
complex 4 (SiN,I,). With the transformations A’Si"—A°Si!
(2—3) and 1’Si" —A®Si", it could be demonstrated that 2 may
have a high potential for the synthesis of novel higher-
coordinate silicon(II) and silicon(IV) compounds. Compared
with other three-coordinate silicon(II) species, compound 2
with its additional imino functionality in the monodentate
amidinato ligand formally reacts as a four-coordinate sili-
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con(II) species and thereby offers quite new perspectives for
both silicon(IT) and silicon(IV) chemistry. We have started to
investigate the synthetic potential of 2 and related bis(ami-
dinato)silicon(II) and bis(guanidinato)silicon(IT) compounds
systematically.
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