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The first donor-stabilized silylenes with guanidinato ligands,
compounds 4 and 6, were synthesized and structurally char-
acterized in the solid state and in solution. As demonstrated
by single-crystal X-ray diffraction studies, compound 4 con-
tains a bidentate and a monodentate guanidinato ligand of

the type [iPTNC(NiPry)NiPr]-, and compound 6 contains the
bidentate guanidinato ligand [ArNC(NMe,)NAr]|~ (Ar = 2,6-
diisopropylphenyl) and the monodentate amido ligand
[(Me3Si),N] . Both silicon(II) complexes exist also in solution.

Introduction

The chemistry of stable silylenes is currently one of the
most actively studied fields in silicon chemistry.!! In this
context, donor-stabilized silicon(II) complexes with amidin-
ato ligands, such as compounds 1 and 2, play an emerging
role.”) We have now succeeded in synthesizing the first do-
nor-stabilized silylenes that contain guanidinato ligands,
compounds 4 and 6 (Scheme 1). Germylenes, stannylenes,
and plumbylenes with guanidinato ligands have already
been synthesized, starting from suitable germanium(Il),
tin(I), or lead(I) precursors.># However, to the best of
our knowledge, related guanidinatosilicon(I) complexes
have not yet been described in the literature. This is proba-
bly due to the lack of suitable analogous silicon(II) precur-
sors. To overcome this problem, we used a totally different
strategy for the preparation of 4 and 6, a reductive HCI
elimination of six- and five-coordinate silicon(IV) com-
plexes 3 and S, respectively (Scheme 1). This strategy has
also been successfully used for the synthesis of the amidin-
atosilicon(II) complexes 1 and 2.[>*281 As amidinato and
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guanidinato ligands differ in their electronic properties, the
title compounds 4 and 6 were very attractive targets to be
synthesized and to be studied for their reactivity, especially
in comparison with related silylenes that contain amidinato
ligands.

Results and Discussion

Compounds 4 and 6 were synthesized according to
Scheme 1. Treatment of the lithium guanidinate Li[iPrNC-
(NiPr,)NiPr] with trichlorosilane (molar ratio 2:1) in tetra-
hydrofuran afforded the six-coordinate silicon(IV) complex
3 (94% yield), which, upon reaction with potassium bis(tri-
methylsilyl)amide (molar ratio 1:1) in toluene, gave 4 (95%
yield, after crystallization from n-hexane). Treatment of the
lithium guanidinate Li[ArNC(NMe,)NAr] (Ar = 2,6-di-
isopropylphenyl) with one molar equivalent of trichloro-
silane in tetrahydrofuran afforded the five-coordinate sili-
con(IV) complex 5 (81% yield, after crystallization from
acetonitrile), which, upon reaction with two molar equiva-
lents of potassium bis(trimethylsilyl)amide, afforded 6 (75%
yield, after crystallization from n-hexane).

The identities of 3—-6 were established by elemental analy-
sis, NMR spectroscopic studies in the solid state and in
solution,! and crystal structure analysis.[®! The molecular
structures of 3-6 are depicted in Figures 1-4.

The silicon coordination polyhedron of 3 (Figure 1) is a
strongly distorted octahedron, with the chlorido and hy-
drido ligand in cis positions. The distortion mainly results
from the two highly strained four-membered SiN,C chelate
rings formed by the silicon coordination center and the bi-
dentate guanidinato ligands, with N-Si—N angles ranging
from 68.40(6) to 68.70(6)°.
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Scheme 1. Syntheses of compounds 3-6.

Figure 1. Molecular structure of 3 in the crystal (ellipsoids set at
50% probability; hydrogen atoms apart from HI omitted for clar-
ity).[! Selected bond lengths [A] and angles [°]: Si—Cl 2.2742(8), Si—
NI 1.9305(16), Si-N2 1.8920(15), Si-N4 1.9304(15), Si-NS5
1.8797(14), N1-C1 1.326(2), N2-C1 1.347(2), N3-C1 1.390(2), N4—
Cl14 1.323(2), N5-Cl14 1.344(2), N6-Cl14 1.386(2); CI-Si-Nl1
164.74(5), CI-Si-N2 96.07(5), Cl-Si-N4 86.08(5), CI-Si-NS5
95.39(5), NI1-Si-N2 68.70(6), N1-Si-N4 94.96(7), NI1-Si-N5
99.14(6), N2-Si-N4 98.15(7), N2-Si-N5 161.65(7), N4-Si-N5
68.40(6), Si-N1-C1 91.16(11), Si-N2-C1 92.19(10), Si-N4-C14
91.29(11), Si-N5-C14 92.87(10), N1-C1-N2 107.59(14), N1-C1—
N3 126.80(16), N2-C1-N3 125.61(15), N4-C14-N5 106.87(14),
N4-C14-N6 128.18(16), N5-C14-N6 124.94(15).

The silicon coordination polyhedron of 4 (Figure 2) is
best described as a distorted pseudo-tetrahedron, with the
lone pair as the fourth ligand. The three N-Si-N angles
amount to 68.37(7), 102.98(8), and 104.71(8)°. The Si-N
distance of the monodentate ligand [1.7633(18) A] is signifi-
cantly shorter than those of the bidentate ligand [1.9220(17)
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and 1.8901(18) A], clearly reflecting the different coordina-
tion modes of the two guanidinato ligands. Furthermore,
the significant difference between the two N-C distances in
the monodentate ligand [1.433(3) vs. 1.284(3) A] indicates
the higher degree of localization of the N=C double bond
compared to the bidentate ligand [1.334(3) vs. 1.344(2) A].
Generally, the structural features of 4 are very similar to
those of compound 2.

Figure 2. Molecular structure of 4 in the crystal (ellipsoids set at
50% probability; hydrogen atoms omitted for clarity). Selected
bond lengths [A] and angles [°]: Si-N1 1.9220(17), Si-N2
1.8901(18), Si-N4 1.7633(18), N1-C1 1.334(3), N2-C1 1.344(2),
N3-C1 1.402(3), N4-C14 1.433(3), N5-C14 1.284(3), N6-Cl14
1.400(3); NI1-Si-N2 68.37(7), N1-Si-N4 104.71(8), N2-Si-N4
102.98(8), Si-N1-C1 91.05(12), Si-N2-C1 92.14(13), Si-N4-C14
117.77(12), N1-C1-N2 106.23(17), N1-C1-N3 125.28(17), N2-
CI-N3  128.32(19), N4-CI4-N5 125.40(19), N4-Cl4-N6
115.58(16), N5-C14-N6 118.99(18).

The silicon coordination polyhedron of 5 (Figure 3) is a
strongly distorted trigonal bipyramid, with the chlorine
atom Cl1 and the nitrogen atom N2 at the axial positions.
The Berry distortion (transition from trigonal bipyramid to
square pyramid) amounts to 33.4%.[®l

Figure 3. Molecular structure of 5 in the crystal (ellipsoids set at
50% probability; hydrogen atoms apart from H1 omitted for clar-
ity). Selected bond lengths [A] and angles [°]: Si—=Cl1 2.1590(8), Si-
CI12 2.0821(7), Si-N1 1.8006(15), Si-N2 1.9113(15), Si-HI
1.382(19), N1-C1 1.369(2), N2-C1 1.335(2), N3-C1 1.330(2); Cl1-
Si-ClI2 93.47(3), C11-Si-N1 93.31(5), C11-Si-N2 162.71(5), C11-Si—
H1 95.7(8), C12-Si-N1 128.93(5), C12-Si-N2 93.26(5), CI12-Si-H1
110.8(8), NI1-Si-N2 70.16(6), NI1-Si-H1 118.8(8), N2-Si-H1
96.8(8), Si-N1-C1 94.44(11), Si-N2-C1 90.71(10), N1-CI1-N2
104.33(15), N1-CI1-N3 127.69(16), N2-C1-N3 127.94(15).

The silicon coordination polyhedron of 6 (Figure 4) is
best described as a distorted pseudo-tetrahedron, with the
lone pair as the fourth ligand. The three N-Si-N bond
angles [67.83(6), 108.72(6), and 113.09(6)°] are similar to
those observed for 4. Also, the Si—-N distance of the mono-
dentate ligand [1.7745(14) A] is significantly shorter than
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those of the bidentate ligand [1.9433(14) and 1.9384(15) A].
The latter two distances are somewhat longer than the anal-
ogous Si-N distances of 4 [1.9220(17) and 1.8901(18) A],
probably because of the steric demand of the two bulky aryl
groups.

Figure 4. Molecular structure of 6 in the crystal (ellipsoids set at
50% probability; hydrogen atoms omitted for clarity). Selected
bond lengths [A] and angles [°]: Sil-N1 1.9433(14), Sil-N2
1.9384(15), Sil-N4 1.7745(14), Si2-N4 1.7522(15), Si3-N4
1.7538(14), N1-C1 1.350(2), N2-C1 1.342(2), N3-C1 1.361(2); N1-
Sil-N2 67.83(6), N1-Sil-N4 113.09(6), N2-Si-N4 108.72(6), Sil—
NI1-Cl 89.99(10), Sil-N2-C1 90.44(10), Sil-N4-Si2 112.61(7),
Sil-N4-Si3  127.44(9), Si2-N4-Si3  119.31(8), NI-C1-N2
107.18(14), N1-C1-N3 126.40(15), N2-C1-N3 126.18(15).

Compounds 3-6 were studied by NMR spectroscopy in
the solid state ('°N, 2°Si) and in solution (‘H, 3C, 2°Si).
The isotropic 2°Si chemical shifts of 3-6 in the solid state
and in solution (Table 1) are similar (A6*°Si = 0.3-8.1 ppm),
indicating that these compounds also exist in solution. The
isotropic chemical shifts of guanidinatosilicon(IT) complex
4 [solid state: 6 = -20.6 ppm; solution (CgDg): 0 =
—-25.6 ppm] and the related amidinatosilicon(IT) complex 2
[solid state: 6 = -154ppm; solution (C¢Dg): 6 =
—31.4 ppm]?¢! differ significantly. The same holds true for
the difference in chemical shift between the solid state and
solution (2, A6*’Si = 16.0 ppm; 4, A§5*°Si = 5.0 ppm), which
is much more pronounced for 2. In the case of 2, this differ-
ence in shift has been interpreted in terms of a rapid ex-
change of the four nitrogen sites, possibly involving a four-
coordinate silicon(II) species with two bidentate amidinato
ligands. An analogous process can also be assumed for 4;
however, the four-coordinate species does not seem to play
as important a role as in the case of 2. The dynamic behav-
ior of 4 in solution is strongly supported by the 'H and '3C
NMR spectra at room temperature, which show very broad
resonance signals but well-resolved peaks at =70 °C. The 'H
and '3C NMR spectra of 6 at room temperature do not
indicate a dynamic behavior. The difference in chemical
shift observed in the solid-state and solution ?°Si NMR
spectra of 6 (A§*°Si = 8.1 ppm) is not fully understood. The
same holds true for the significantly different isotropic 2°Si
chemical shifts of the two guanidinatosilicon(II) species 4
and 6, both of which contain an SiN; skeleton. Neverthe-
less, the different >°Si NMR spectroscopic data of the do-
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nor-stabilized silylenes 2, 4, and 6 reflect different electronic
properties at the silicon atom, which are expected to affect
the reactivity profiles of these silicon(Il) species. We have
started a program to investigate the reactivities of 2, 4, and
6 systematically.

Table 1. Isotropic 2°Si chemical shifts [ppm] of the silicon coordina-
tion centers of 3-6 in the solid state (7" = 22 °C) and in solution
(CsDg, T =23°C).

Compound ¢%Si (solid state) 6*°Si (solution) |Ad| Skeleton
3 —-186.2 —186.5 0.3  SiN,CIH
4 -20.6 -25.6 5.0 SiNg

5 -99.6 -96.2 34  SiN,CLH
6 6.8 14.9 8.1  SiNj

Experimental Section

The syntheses were carried out under a dry argon atmosphere in
oven-dried glassware by using standard Schlenk techniques. The
solvents were dried, purified, and deoxygenated according to stan-
dard procedures.

Compound 3: Trichlorosilane (26.9 g, 199 mmol) was added in a
single portion at —20 °C to a stirred solution of Li[iPrNC(NiPr,)-
NiPr]-THFP! (121.3 g, 397 mmol) in tetrahydrofuran (1.5 L), and
the stirred reaction mixture was then warmed to 20 °C over 16 h.
The solvent was removed in vacuo, dichloromethane (500 mL) was
added to the residue, and the remaining solid was filtered off and
discarded. The solvent of the filtrate was removed in vacuo, fol-
lowed by the addition of tetrahydrofuran (100 mL). The resulting
suspension was heated until a clear solution was obtained, which
was then cooled slowly to —30 °C and kept undisturbed at this tem-
perature for 1 d. The resulting colorless crystalline solid was iso-
lated by filtration, washed with cold (30 °C) n-pentane (2 X
200 mL), and dried in vacuo (20 °C, 6 h, 0.01 mbar). Yield: 96.5 g
(187 mmol, 94%). '"H NMR (C¢Ds, 23 °C): 6 = 1.10 (d, 3Jyyu =
6.9 Hz, 12 H, CH3), 1.14 (d, 3Jyyu = 6.9 Hz, 12 H, CH3), 1.24 (d,
3Jun = 6.7Hz, 6 H, CH;), 1.50 (d, 3Jyu = 6.7Hz, 6 H, CH;),
1.63 (d, 3Jyu = 6.7Hz, 6 H, CH;), 1.89 (d, 3Jyu = 6.7 Hz, 6 H,
CHs), 3.50 (sept., 3Jyu = 6.9 Hz, 4 H, CH;CHCHj;), 3.74 (sept.,
3Jun = 6.7 Hz, 2 H, CH;CHCHj;), 3.82 (sept., 3Juyy = 6.7 Hz, 2
H, CH;CHCHy), 5.57 (s, 1 H, SiH; »Si satellites, 'Jyy5; = 296 Hz)
ppm. C{'H} NMR (C¢Dg, 23°C): 6 = 22.8 (2 C), 22.9 (4 C),
23.70 (2 C), 23.72 (2 C), 24.8 (2 C), 25.0 (4 C) (CH3), 454 (2 C),
472 (2 C), 50.1 (4 C) (CH3CHCHz;), 166.8 (2 C, N3C) ppm.
2Si{'H} NMR (C¢Dg, 23 °C): 6 = ~186.5 ppm. >’N VACP/MAS
NMR: § =-235.0, - 233.3,-230.3, -229.2, -213.2, -206.1 ppm. >°Si
VACP/MAS NMR: ¢ = -186.2 ppm. CrsHs,CINgSi (517.32): calcd.
C 60.37, H 11.11, N 16.25; found C 60.1, H 11.0, N 16.1.

Compound 4: Toluene (20 mL) was added at 20 °C in a single por-
tion to a mixture of 3 (5.00 g, 9.67 mmol) and potassium bis(tri-
methylsilyl)amide (2.21 g, 11.1 mmol), and the reaction mixture
was stirred at this temperature for 3 h. The resulting precipitate was
filtered off and discarded, and the solvent of the filtrate was re-
moved in vacuo, followed by the addition of n-hexane (5 mL). The
resulting suspension was heated until a clear solution was obtained,
which was then cooled slowly to —30 °C and kept undisturbed at
this temperature for 2 d. The resulting colorless crystalline solid
was isolated by filtration and dried in vacuo (20°C, 6h,
0.01 mbar). Yield: 4.40 g (9.15 mmol, 95%). 'H NMR ([Ds]toluene,
~70°C): 6 = 0.72 (d, 3Juy = 6.1 Hz, 3 H, CH3), 0.75 (d, 3Jyp =
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6.1 Hz, 3 H, CH;), 0.80 (d, *Jyy = 6.3 Hz, 3 H, CH;), 0.88 (d,
un = 63 Hz, 3 H, CH), 1.15 (d, *Jyp = 6.4 Hz, 3 H, CH,),
1.16 (d, 3y = 6.6 Hz, 6 H, CHs), 1.22 (d, *Jup = 6.4 Hz, 3 H,
CH3), 1.30 (d, 3Jyy = 6.7 Hz, 3H, CH;), 1.34 (d, 3Jyy i = 6.4 Hz,
6 H, CHs), 1.38 (d, Yy = 6.7Hz, 3 H, CH3), 1.52 (d, *Jup =
6.0 Hz, 3 H, CH;), 1.71 (d, *Juy = 6.6 Hz, 3 H, CH,), 1.75 (d,
Jum = 6.0 Hz, 3 H, CHs), 1.96 (d, *Jup = 6.6 Hz, 3 H, CH),
2.88 (sept., i = 6.1 Hz, 1 H, CH;CHCH3), 2.93 (sept.. *Jyp1 =
6.3Hz, 1 H, CH3;CHCH,), 3.40 (sept., *Jyu = 6.6Hz, 1 H,
CH,CHCHS), 3.47 (sept., *Jun = 6.7 Hz, 1 H, CH;CHCHS), 3.64
(sept., 3Jyu = 6.4Hz, 2 H, CH;CHCHj;), 4.20 (sept., 3Jyu =
6.0Hz, 1 H, CH;CHCH,), 4.57 (sept., Jyy = 6.6Hz, 1 H,
CH;CHCH,) ppm. 3C{'H} NMR ([Dg]toluene, ~70 °C): & = 21.5,
21.6, 22.2, 22.3, 22.4, 23.0, 23.1, 23.6, 23.9, 24.7, 25.5, 25.6, 25.8,
26.3, 27.8, 28.0 (CHs), 45.6, 45.7, 46.0, 47.5, 48.1, 48.2, 49.3, 494
(CH;CHCHs), 150.9, 155.5 (N;C) ppm. 2°Si{'H} NMR ([Dg]tolu-
ene, ~70°C): & = —26.0 ppm. 2Si{'H} NMR (C¢Ds, 23 °C): 6 =
-25.6 ppm. N VACP/MAS NMR: 6 = -308.3, -279.6, —269.6,
-208.7, —204.6, —117.1 ppm. 2°Si VACP/MAS NMR: ¢ =
20.6 ppm. CagHseN¢Si (480.86): caled. C 64.94, H 11.74, N 17.48;
found C 64.9, H 11.6, N 17.3.

Compound 5: A solution of lithium dimethylamide (1.89 g,
37.0 mmol) in tetrahydrofuran (60 mL) was added within 10 min at
—78 °C to a stirred solution of bis(2,6-diisopropylphenyl)carbodii-
mide (13.4 g, 37.0 mmol) in tetrahydrofuran (250 mL), and the
stirred reaction mixture was warmed to 20 °C over 2 h. The solu-
tion was cooled to —78 °C, and trichlorosilane (5.01 g, 37.0 mmol)
was added in a single portion. The stirred reaction mixture was
then warmed to 20 °C over 16 h. The solvent was removed in
vacuo, dichloromethane (150 mL) was added to the residue, and
the remaining solid was filtered off and discarded. The solvent of
the filtrate was removed in vacuo, followed by the addition of
acetonitrile (500 mL). The resulting suspension was heated until a
clear solution was obtained, which was then cooled slowly to
—-30 °C and kept undisturbed at this temperature for 1 d. The re-
sulting colorless crystalline solid was isolated by filtration, washed
with cold (30 °C) n-pentane (2X 100 mL), and dried in vacuo
(20 °C, 6 h, 0.01 mbar). Yield: 15.1 g (29.8 mmol, 81%). 'H NMR
(CDyCl,, 23°C): 6 = 1.24 (d, 3Jyu = 6.9 Hz, 12 H, CH3), 1.31 (d,
3Jan = 6.9 Hz, 12 H, CH;), 241 [s, 6 H, N(CH,),], 3.35 (sept.,
3Jun = 6.9 Hz, 4 H, CH3;CHCH,), 6.16 (s, 1 H, SiH; ?Si satellites,
s = 352 Hz), 7.18-7.21 (m, 4 H, m-C¢H3), 7.27-7.32 (m, 2 H,
p-CeH3) ppm. 3C{'H} NMR (CD,Cl,, 23°C): § = 23.5 (4 C)
(CH5CHCH,;), 25.1 (4 C), 29.0 (4 C) (CH3), 39.7 [2 C, N(CH3),],
124.4 (4 C, 0-CsH3), 127.9 (2 C, i-CsH3), 134.8 (2 C, p-C¢H3), 146.6
(4 C, m-C4H3), 160.7 (N5C) ppm. °Si{'H} NMR (CD,Cl,, 23 °C):
6 =-97.7 ppm. ¥Si{'H} NMR (C¢Dg, 23 °C): § = -96.2 ppm. '°N
VACP/MAS NMR: § = -304.3, -250.1, -238.0 ppm. 2°Si VACP/
MAS NMR: 6 = -99.6 ppm. C,;H4;CLLN;Si (506.63): caled. C
64.01, H 8.16, N 8.29; found C 64.0, H 8.2, N 8.3.

Compound 6: Toluene (200 mL) was added at 20 °C in a single por-
tion to a mixture of 5 (11.8 g, 23.3 mmol) and potassium bis(trime-
thylsilyl)amide (8.82 g, 44.2 mmol), and the reaction mixture was
stirred at this temperature for 18 h. The resulting precipitate was
filtered off and discarded, and the solvent of the filtrate was re-
moved in vacuo, followed by the addition of toluene (15 mL). The
resulting suspension was heated until a clear solution was obtained,
which was then cooled slowly to —30 °C and kept undisturbed at
this temperature for 2 d. The resulting colorless crystalline solid
was isolated by filtration and dried in vacuo (20°C, 6h,
0.01 mbar). Yield: 10.4 g (17.5mmol, 75%). 'H NMR (C¢Ds,
23°C): 6 = 0.31 [s, 18 H, Si(CH3)3], 1.19 (d, 3Jyy = 6.7 Hz, 6 H,
CH3), 1.21 (d, 3Jyn = 6.7 Hz, 6 H, CH3), 1.33 (d, 3J 11 = 6.7 Hz,
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6 H, CHs), 147 (d, 3Jyn = 6.7Hz, 6 H, CHs), 2.01 [s, 6 H,
N(CHs),), 3.78 (sept., *Juyu = 6.7Hz, 2H, CH;CHCH;), 3.98
(sept., 3y = 6.7 Hz, 2 H, CH;CHCHS3), 7.05-7.14 (m, 6 H, C4Hs)
ppm. BC{'H} NMR (C¢Dy): 6 = 5.9 [Si(CH;)s], 23.7 (2 C), 23.8
(2 C) (CH;CHCHj), 25.9 (2 C), 27.1 (2 C), 28.3 (2 C), 29.2 (2 C)
(CH,), 38.6 [2 C, N(CH;),, 124.0 (2 C), 124.4 (2 C, 0-C¢Hs), 126.3
(2 C, i-CgH3), 138.5 (2 C, p-CHs), 145.0 (2 C), 145.0 2 C) (m-
CeHy), 152.3 (N;O) ppm. 2Si{'H} NMR (CeDg): 0 = 0.3
[Si(CHs)s], 14.9 (SiN3) ppm. N VACP/MAS NMR: § = -321.1,
289.8, 232.5, 229.6ppm. 2Si VACP/MAS NMR: 6 = 0.9
[Si(CHs)s], 6.8 (SiN3) ppm. Cs3HsgN,Sis (595.11): caled. C 66.60,
H 9.82, N 9.41; found C 66.4, H 9.8, N 9.4.
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of ZrO, (diameter: 7 mm) containing ca. 200 mg of sample
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chromated Mo-K,, radiation, 2 = 0.71073 A; 4-6, Stoe IPDS,
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this paper. These data can be obtained free of charge from The
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