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Abstract: The first N-heterocyclic car-
bene adducts of arylchlorosilylenes are
reported and compared with the ho-
mologous germanium compounds. The
arylsilicon(Il) chlorides SiArCl(Im-
Me,) [Ar=CH;-2,6-Mes, (Mes = C¢H,-
2,4,6-Me;), C¢H;-2,6-Trip, (Trip=C¢H,-
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pared by metathetical exchange of
GeCly,(Im-Me,) with LiC¢H;-2,6-Mes,
or addition of Im-Me, to GeCl(CsH;-
2,6-Trip,). All compounds were fully
characterized. Density functional calcu-
lations on ECI(C¢H;-2,6-Trip,)(Im-
Me,), where E=Si, Ge, at different

levels of theory show very good agree-
ment between calculated and experi-
mental bonding parameters, and NBO
analyses reveal similar electronic struc-
tures of the two aryltetrel(II) chlorides.
The low gas-phase Gibbs free energy
of bond dissociation of SiCl(C¢H;-2,6-

2,4,6-iPr;)] were obtained selectively
on dehydrochlorination of the aryl-
chlorosilanes SiArHCI, with 1,3,4,5-tet-

Ang : lations
ramethylimidazol-2-ylidene (Im-Me,). germylenes -
The analogous arylgermanium(II) silylenes

chlorides GeArCl(Im-Me,) were pre-

Introduction

Organosilicon(II) halides SiXR (X=halogen; R=alkyl,
aryl, silyl) are very reactive species of major academic and
industrial interest. Surface-confined chloromethylsilylenes
(SiCIMe),!" for example, have been suggested to be key in-
termediates in the direct synthesis of chloromethylsilanes
from Si-Cu and MeCl (Rochow-Miiller synthesis),”! and
donor-stabilized chloromethylsilylenes have been implicated
in the base-catalyzed disproportionation of chloromethyldi-
silanes leading to oligo- and polysilanes.’! Furthermore, the
halomethylsilylenes SiXMe (X =F-I) were shown to under-
go reversible photoisomerization to 1-halosilenes (XHSi=
CH,) in Ar matrices at 10 K,/¥! and were identified as inter-
mediates in co-condensation reactions of silicon atoms with
methyl halides in low-temperature inert-gas matrices, afford-
ing dihalodimethylsilanes.**>) In general, haloorganosily-
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Trip,)(Im-Me,) (AGS,,,=28.1 kImol™)
suggests that the carbene adducts
SiArCl(Im-Me,) may be valuable trans-
fer reagents of the arylsilicon(II) chlor-
ides SiArCl.

ligands

lenes were generated in situ on thermolysis or photolysis of
halodisilanes,® halotrisilanes,”) or 7-silanorbonadienes.®”
The generated species were either trapped by chemical
means or detected by low-temperature matrix-spectroscopic
methods.["” However, all attempts to isolate organosili-
con(II) halides that can be manipulated at room tempera-
ture have been unsuccessful to date owing to their extreme-
ly high reactivity.l!

Recent developments in the chemistry of low-coordinate
germanium, tin, and lead compounds have shown that the
organotetrel(II) halides EXR (E=Ge", Sn", Pb"; X =halo-
gen; R=sterically demanding alkyl or aryl group) have
great synthetic potential providing access to tetrel com-
pounds with unusual bonding modes."! In view of this po-
tential, the isolation of related silicon compounds is expect-
ed to have far-reaching consequences in organosilicon
chemistry. An advancement in this context is the present
report, in which the electronic stabilizing effect of N-hetero-
cyclic carbenes (NHC)!"? was used to obtain the first car-
bene adducts of arylchlorosilylenes SiArCl(Im-Me,) (Ar=
C¢H;-2,6-Mes,, CH;-2,6-Trip,; Im-Me,=1,3,4,5-tetramethyl-
imidazol-2-ylidene), which are compared to the homologous
germanium compounds.
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Results and Discussion

Addition of two equivalents of 1,3,4,5-tetramethylimidazol-
2-ylidene (2)'" to solutions of the arylchlorosilanes
SiArHCI, [1a: Ar=C¢H;-2,6-Mes, (Mes=C.H,-2,4,6-Me;);
1b: Ar=C¢H;-2,6-Trip, (Trip=C¢H,-2,4,6-iPr;)]" in ben-
zene at 70°C resulted in rapid precipitation of a solid, which
was identified by NMR spectroscopy to be the imidazolium
chloride (Im-Me,H)Cl (4). NMR analysis of the benzene-
soluble components revealed selective formation of the aryl-
silicon(II) chlorides 3a and 3b, which were isolated as ana-
lytically pure, yellow, air-sensitive solids in 72 and 93 %
yield, respectively [Eq. (1)].

tion analyses (Figures1 and 2). Compounds 3b and 7b
(Figure 1) are isostructural and feature distinctly trigonal-
pyramidal tetrel centers, indicating the presence of a stereo-
chemically active lone pair of electrons at the tetrel atoms
(3b: sum of angles at Si 299.2°, 7b: sum of angles at Ge
293.8°).1

Notably, the degree of pyramidalization at the tetrel atom
is close to those calculated for the anions EH;~ (sum of
angles at E: Si 285°, Ge 279-283°).”?! In comparison, the
carbene carbon atom adopts an almost trigonal-planar coor-
dination geometry in both compounds (sum of angles at
C37: 3b 357.9°, 7Tb 357.7°). The Si—C_ypene bond of 3b
(1.963(2) A) compares well with those of the silicon(II) di-
halides  SiX,(Idipp) (X=Cl,
1.985(4) A; X=Br, 1.989(3) A;

M M M

cl. H e7_< ¢ Me>_< ¢ Idipp =1,3-bis(2,6-diisopropyl-
o, / benzene @ - h Dimid 1-2-vlid [12bg]

Si + 2 Im-Me, - " _N N\M + NN O phenyl)imidazol-2-ylidene),

4 \CI (LR © CI.\@ e Me Y Me and is slightly longer than the
“Sit H Si—C,, bond of 3b (1.937(2) A),
Ar/ which suggests the presence of
1a b 2 3a b 4 a rather strong Cpenc—Si
a: Ar = CHy2,6:Mes,, b Ar = CgH,-2,6-Trip, donor—acceptor single bond.
The Si—C,, bond of 3b

With rigorous exclusion of air, 3b is stable for at least
120 h in solution in benzene at ambient temperature, where-
as 3a shows the first signs of decomposition within 24 h. For
comparative reasons, the analogous germanium compounds
GeArCl(Im-Me,) [Ar=CsH;-2,6-Mes, (7a), Ar=C,H;-2,6-
Trip, (7b)] were synthesized. Compound 7a was obtained
from GeCly(1,4-dioxane)™ in two steps. GeCly(1,4-dioxane)
was treated first with one equivalent of 2 to give the white
carbene adduct GeCl,(Im-Me,) (5).'" Metathetical ex-
change of 5 with LiC¢H;-2,6-Mes,['”! then afforded selective-
ly the arylgermanium(II) chloride 7a (Scheme 1). Com-
pound 7b was obtained upon addition of imidazol-2-ylidene
2 to GeCl(C4H;-2,6-Trip,) (6b-Ge)!'® in toluene (Scheme 1).
The Ge" compounds were isolated in high yields as white,
air-sensitive solids. Compounds 5 and 7b melt at 104 and
162°C, respectively, whereas 7a starts to decompose at
185°C.

The molecular structures of 3b, 3b-0.5benzene, 5-0.5tolu-
ene, and 7b were determined by single-crystal X-ray diffrac-

Me
Vo
Me™™ “Me

Cl., |®
Ge:

“tyy

7/

Ar
7a,b

Me

+ LiCgH;-2,6-Mes,
GeCly(Im-Me,) ——
toluene

5

toluene T

Ge(Ar)Cl  + Im-Me,
6b-Ge 2

a: Ar = C4H;-2,6-Mes,, b: Ar = C;H,;-2,6-Trip,

Scheme 1. Syntheses of N-heterocyclic carbene adducts of arylgerman-
ium(II) chlorides.
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Figure 1. DIAMOND plot of the molecular structure of 3b in the solid
state. Thermal ellipsoids are set at 30 % probability. Hydrogen atoms are
omitted for clarity. Selected bond lengths [A] and angles [°] of 3b [7b]:
Si—C1 1.937(2) [Ge—C1 2.035(3)], Si—C37 1.963(2) [Ge—C37 2.071(3)],
Si—Cl 2.1836(8) [Ge—ClI 2.338(1)], N1—-C37 1.355(2) [1.352(4)], N2—C37
1.352(2) [1.342(4)], N1-C38 1.386(3) [1.395(4)], N2—C39 1.389(3)
[1.388(4)]; C1-Si-Cl 105.23(7) [C1-Ge-Cl 104.08(8)], C1-Si-C37 102.18(8)
[C1-Ge-C37 100.4(1)], C37-Si-Cl 91.78(7) [C37-Ge-Cl 89.32(9)].

(1.937(2) A) is longer than those of the arylsilanes Si(C4Hs-
2,6-Trip,)H,Cl  (1.859(4) A)) and  Si(C¢H;-2,6-Trip,)Cl;
(1.906(6) A).l??  Similarly, the Si—Cl bond of 3b
(2.1836(8) A) compares well with those of the Si" chlorides
SiCL(Idipp)  (2.166(8) A)'*»  and  SiCI[CPh(NBu),]
(2.156(1) A),l% but is considerably longer than those of the
arylchlorosilanes Si(C4H;-2,6-Trip,)H,Cl (2.032(8) A)!*" and
Si(C4H;-2,6-Mes,)Cl; (2.032(2) A).'"*%1 All these bonding
parameters suggest that the Si—C,, and Si—ClI bonds of aryl-
silicon(II) chloride 3b are weaker than those of arylchloro-
silanes and indicate, in full agreement with the results of
NBO analysis, that the silicon atom uses mainly p orbitals
for bonding to the aryl and Cl groups in 3b (vide infra).
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Figure 2. DIAMOND plot of
the molecular structure of
5<0.5toluene in the solid state.
Thermal ellipsoids are set at
30% probability. Hydrogen
atoms and the solvent mole-
cule are omitted for clarity. Se-
lected bond lengths[A] and

angles [°]:  Ge—Cl 2.082(3),
Ge—CIl 2.3363(1), Ge—<CI2
2.3019(1); ClI1-Ge-CI2

97.00(1), C1-Ge-Cll 92.41(9),
C1-Ge-CI2 95.12(9).

Similar structural trends are
found in the Ge" compound 7b
(Figure 1). For example, the
Ge—Copene bond  (2.071(3) A)
compares well with that of
GeCl,(Im-Me,) (5; 2.082(3) A;
Figure 2) and is slightly longer
than the Ge—C,, bond of 7b
(2.035(3) A), indicative of a
rather  strong  Cpene—Ge
donor-acceptor single bond in
7b. Furthermore, the Ge—C,,
bond (2.035(3) A) and Ge—Cl
bond (2.338(1) A) of 7b com-
pare well with those of related
Ge"" compounds,'®?! but are
longer than those of arylchloro-

germanes (Ge—C,, 1.94, Ge—Cl

2.18 A).»! As in the case of the

homologous silicon compounds,
these bonding parameters suggest that the Ge—C,, and
Ge—Cl bonds of 7b are weaker than those of arylchloroger-
manes.

Additional structural information is provided by the solu-
tion NMR spectra of the carbene adducts. Compounds 3a,b
and 7ab contain a stereogenic tetrel center, which renders
the ortho and meta positions of the mesityl and trisisopro-
pylphenyl substituents chemically inequivalent. Therefore, a
double set of signals is observed for the ortho- and meta-
positioned nuclei of these substituents in the '"H and *C{'H}
NMR spectra of 3ab and 7a,b in C(D4 (see Experimental
Section). This indicates that racemization of 3a,b and 7a,b
does not occur in solution, whereas rotation of the aryl
group about the E—~C,,; bond (E=Si, Ge) is rapid on the
NMR timescale. Further support for the configurational sta-
bility of 3a,b and 7a,b is provided by the DFT calculations,
which predict that the barrier for inversion of 3b
(109.2 kJmol™', BPS6/LANL2DZ) is similar to that of the
silyl anion SiH;~ (100 kJ mol™").202¢!

The “C{'H} NMR spectra of 3a,b and 7ab display dis-
tinctive signals for the carbene carbon and tetrel-bonded
Cyar atoms. The Cgene signals (3a, 6=165.2 ppm; 3b, 0=
166.7 ppm; 7a, d=170.5 ppm; 7b, =171.7 ppm) appear at
considerably higher field than that of 2 (0=212.7 ppm),l*¥
and the C,, signals at considerably lower field (3a and 3b,
0=150.6 ppm; 7a and 7b, 6=156.0 ppm) than those of the
arylchlorotetrelanes EArHCI, (1la, 6=128.8 ppm; 1b,

130.3 ppm; Ge(C¢H;-2,6-Trip,)HCL, 6=134.0 ppm®”). The
NMR signals indicate a major change in the electronic envi-
ronment of the C_ene and tetrel atoms on formation of ad-
ducts 3a,b and 7a,b. In the case of 3a, the silicon satellites
of both carbon signals could be detected after a long accu-
mulation time. The 'J(Si,C ytene) and 'J(Si,C,,) coupling con-
stants of 35 and 48 Hz, respectively, are smaller than that of
1a ('J(Si,Ca,) =96.8 Hz) and of Si—C(sp?) single bonds in sil-
anes (64-70 Hz),”® and this reflects the differences in Si—C
bond lengths (vide supra). Remarkably, the *Si{'H} NMR
spectra of the arylsilicon(II) chlorides 3a and 3b display a
characteristic signal at slightly higher field (3a, 6=
1.34 ppm; 3b, 0.77 ppm) than those of SiX,(Idipp) (X=ClI,
0=19.06 ppm; X =Br, =10.9 ppm)./2><]

Gradient-corrected DFT calculations on 3b and 7b were
carried out at different levels of theory, and the electronic
structures of 3b and 7b were analyzed by the natural bond
orbital (NBO) partitioning scheme.”! The calculated bond
lengths and angles compare well with the experimental
values (Table 1), and even the conformation of both carbene
adducts is well predicted by theory.?”!

The NBO analyses suggest that compounds 3b and 7b
have similar electronic structures (Table 2). The tetrel cen-
ters carry a lone pair of electrons in an NBO orbital of high

Table 2. Selected results of the NBO analyses of 3b and 7b (B3LYP/I).1*!

E-X Oce. % (S) Hyb. % (X) Hyb. WBI
Si—Cl1 (3b) 194 253 sp™™ 747 sp*? 076
Si—ClI (3b) 197 197 sp” 803 sp* 071
Si—C37 (3b) 195 213 sp™ 787 sp'® 068

Si (LP) (3b) 1.86 sps

Ge—Cl1 (7b) 1.94 258 sp*® 742 sp*? 0.74
Ge—Cl (7b)P! 0.67
Ge—C37 (7b) 195 207 sp'® 793 sp"®  0.64
Ge (LP) (7b) 1.92 sp!

[a] NBO occupancy (Occ.), bond polarization in % (Si) and % (X), orbi-
tal hybridization (Hyb.) and Wiberg bond index (WBI). LP=Ilone pair.

s character and use hybrid orbitals of high p character for
bonding to the Ar and CI substituents. This reflects the re-
duced tendency of silicon and germanium for hybridization.
In both compounds the E—C,,.,. bond is described as an
almost completely filled (1.95€) natural bond orbital, which
is strongly polarized towards the carbon atom (3b: 78.7%
C; 7b: 79.3% C). This highlights the polar character of this
bond, which is formed by overlap of an essentially pure p or-

Table 1. Calculated and experimental bond lengths [A] and angles [°] of 3b and 7b.1

3b 7b
Si-Cl  Si-Cl  Si-C37 CI-Si-Cl Cl1-8i-C37 C37-Si-Cl Ge—Cl Ge—Cl Ge—C37 Cl-Ge-Cl C1-Si-C37 C37-Ge-Cl
BPS6/LANL2DZ 1974 2368 1988 1066 1033 2081 2449 2110 1058 101.1 86.8
B3LYP/I 1966 2218 2006 1073 1033 2080 2336 2133 1063 101.8 87.5
BP86/Tb 1956 2202 1994 1073 103.9 2081 2327 2120 1062 101.9 87.9
Exptl 1.937(2) 2.184(1) 1.963(2) 1052(1) 1022(1)  91.8(1)  2.035(3) 2338(1) 2.071(3) 1041(1) 100.4(1)  89.3(1)

[a] Basis set I: TZVPP for Si, Br and C1, 6-31G* for the other atoms; basis set Ib: TZ2P for all atoms (see Experimental Section).
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bital of the tetrel atom with an sp'* (3b) or sp'* (7b) hybrid
orbital of carbene atom C37.

Natural population analyses of 3b and 7b show that
charge transfers of 0.33e (3b) and 0.34e (7b) occur on com-
plexation of imidazol-2-ylidene (2) to the Lewis acids
ECI(C¢H;-2,6-Trip,), which reduces the positive partial
charge of the tetrel atom E from +0.98 in SiCl(C4H;-2,6-
Trip,) (6b-Si) to +0.72 in 3b and from +0.96 in GeCl(C¢H;-
2,6-Trip,) (6b-Si) to +0.70 in 7b (Table 3).*

Table 3. NPA partial charges in 3b and 7b (B3LYP/I).

E Cl C1 C37 2(Im-Me,)
3b (E=Si) +0.72 —0.50 —0.44 +0.08 +0.33
7b (E=Ge) +0.70 —0.53 —0.39 +0.12 +0.34

The ZPVE-corrected calculated bond dissociation energy
D°(0) of the silicon compound 3b (94.3 kImol™', B3LYP/I)
is lower than that of SiBr,(Idipp) (123.7 kJmol™"),!1*I but
higher than that of the germanium analogue 7b
(79.9 kJmol ™). Both carbene adducts are thermodynamical-
ly stable with respect to their dissociation products Im-Me,
(2) and ECI(C4H;-2,6-Trip,) [6b-E (E=Si, Ge)] at 298 K, as
evidenced by the gas-phase Gibbs free energies of bond dis-
sociation [AG°=28.1 (3b) and 14.7 kJmol™ (7b)]. Given
the low Gibbs free dissociation energy of 3b it is conceiva-
ble that the carbene adducts 3a and 3b are valuable transfer
reagents of the arylsilicon(II) chlorides SiArCl. Experiments
are underway to verify this hypothesis.

Experimental Section

General: All experiments were carried out under an atmosphere of
argon by using Schlenk or glove box techniques. Glassware was dried in
an oven at approximately 110°C and baked in vacuo prior to use. The
solvents were refluxed over the appropriate drying agent (hexane:
sodium wire/benzophenone/tetraglyme; benzene: sodium wire/benzophe-
none; toluene: sodium), purged several times with argon during reflux,
and distilled under argon. All solvents were stored in a glove box.
SiATHCl, [Ar=C¢H;-2,6-Mes, (1a), C.H;-2,6-Trip, (1b)],'¥ Im-Me,
2)," GeCly(1,4-dioxane),l” LiCsH;-2,6-Mes,,'”l and GeCl(C4H;-2,6-
Trip,) (6b-Ge)!"® were prepared according to published procedures and
were shown by NMR spectroscopy™ ™! and elemental analyses to be
pure. The C, H, N analyses of all compounds were carried out three
times on an Elementar Vario Micro elemental analyzer. The individual
C, H, N values did not differ by more than +0.3. The mean C, H, N
values are given below for each compound. The thermal behavior of ana-
lytically pure samples of 3a, 3b, 5, 7a, and 7b was studied with a Biichi
melting point apparatus. The melting point determination of each sample
was carried out in duplicate. The samples were sealed in capillary tubes
under vacuum (3a, 3b) or under argon (5, 7a, 7b) and heated slowly
until they melted or decomposed. All NMR spectra were recorded on
Bruker Avance DMX-300, DPX-400, or DMX-500 NMR spectrometers
in dry deoxygenated [D4]benzene, [D,]dichloromethane, [D]chloroform,
or [Dg]tetrahydrofuran. The 'H and C{'H} NMR spectra were calibrated
against the residual proton and natural-abundance "*C resonances of the
deuterated solvent relative to tetramethylsilane ([Dg]benzene, oy=
7.15 ppm and O.=128.0 ppm; [D,]dichloromethane, dy=5.32 ppm and
0c=>53.8 ppm; [D]chloroform 6y =7.24 ppm and 6-=77.0 ppm; [Dg]THF,
O0y=1.73 ppm and 6.=25.3 ppm). The solution *Si{'H} NMR spectra of
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3a and 3b were calibrated against external pure SiMe,, which was filled
in a sealed capillary and measured in a vacuum-sealed 5 mm NMR tube
containing [Dg]benzene. The following abbreviations were used for the
signal multiplicities of the NMR signals: s=singlet, d=doublet, sept=
septet, and m =multiplet. The 'H and *C NMR signals of 1a, 1b, 3a, 3b,
7a, and 7b were assigned by a combination of HMQC, HMBC, and
DEPT experiments. This allowed unequivocal assignment of all proton
and carbon resonances including those of the diastereotopic methyl
groups of the isopropyl substituents, which were labeled with the sub-
script letters A and B, respectively.

Synthesis of SiCl(C¢H;-2,6-Mes,)(Im-Me,) (3a): Si(C4H;-2,6-Mes,)HCl,
(1a, 207 mg, 0.50 mmol) was dissolved in benzene (10 mL) and the color-
less solution was heated to 70°C. A solution of 1,3,4,5-tetramethylimida-
zol-2-ylidene (2) (129 mg, 1.04 mmol, 2.08 equiv) in benzene (5 mL) was
added dropwise to the solution of the silane over 10 min. During addition
an orange solid precipitated, and the reaction solution turned yellow.
After the addition was complete, the suspension was concentrated in
vacuo to about 3 mL, and pentane (15 mL) was added. The orange pre-
cipitate was isolated by filtration and treated with benzene (15 mL). The
obtained suspension was filtered via cannula. The benzene-insoluble,
orange solid was dried in vacuo and was shown by NMR spectroscopy to
contain mainly the imidazolium salt (Im-Me,H)Cl (4).°* The yellow fil-
trate was evaporated to dryness to give a yellow solid, which was washed
with pentane (5 mL) and dried in vacuo (1 h, 25°C, 0.05 mbar) to afford
compound 3a as a yellow solid. Yield 180 mg (0.36 mmol, 72%). Com-
pound 3a starts to decompose on heating at 120°C. Recrystallization of
the solid from toluene afforded an analytically pure sample of the tolu-
ene hemisolvate of 3a. FElemental analysis caled (%) for
C;,H;3,CIN,Si-0.5 C;Hg (547.23): C 75.72, H 7.55, N 5.12; found: C 75.47,
H 7.44, N 5.11; '"H NMR (C¢Ds, 300.1 MHz, 298 K): 6=1.18 (s, 6H, C**-
Me, Im-Me,), 2.11 (s, 6H, 2x C>-Me, Mes), 2.18 (s, 6H, 2x C*-Me, Mes),
2.57 (s, 6H, 2x C*-Me, Mes), 3.02 (s, 6H, 2xN-Me, Im-Me,), 6.63 (s, 2H,
2xC3-H, Mes), 6.88 (s, 2H, 2x C*-H, Mes), 6.93 (d, *J(H,H)=7.5 Hz, 2 H,
C*.H, C¢H;), 7.19 ppm (t, *J(H,H)=7.5Hz, 1H, C*-H, CiH;); “C{'H}
NMR (75.47 MHz, C¢Dg, 298 K): 6=7.9 (s, C**-Me, Im-Me,), 21.13 and
21.17 (2s, 2xC*Me+2x C?-Me, Mes), 22.0 (s, 2x C®-Me, Mes), 34.0 (s,
2xN-Me, Im-Me,), 124.5 (s, C**-Me, Im-Me,), 126.1 (s, C*-H, C,H,),
128.0 (s, 2x C*-H, Mes), 128.6 (s, 2x C*-H, Mes), 129.2 (s, C**-H, C¢H,),
135.1 (s, 2x C*, Mes), 135.8 (s, 2x C%, Mes), 136.7 (s, 2x C°, Mes), 141.8 (s,
2xC', Mes), 146.2 (s, C*, CiHj), 150.6 (s, J(PC¥Si)=48 Hz, Si-C',
C¢Hj), 165.2 ppm (s, 'J(**C,”Si)=33 Hz, Si-C?, Im-Me,); *Si{'H} NMR
(C¢Dys, 59.63 MHz, 298 K): 6 =1.34 ppm (s).

Synthesis of SiCl(C¢H;-2,6-Trip,)(Im-Me,) (3b): Si(C4H;-2,6-Trip,)HCl,
(1b, 910 mg, 1.56 mmol) was dissolved in benzene (25 mL), and the solu-
tion was heated to 70°C. A solution of 1,3,4,5-tetramethylimidazol-2-yl-
idene (2, 396 mg, 3.19 mmol, 2.05 equiv) in benzene (10 mL) was added
dropwise over 15 min. During addition a precipitate formed, and the mix-
ture turned orange. After the addition was complete, the solvent was re-
moved in vacuo and the residue washed twice with benzene:
hexane (1:1; 10 mL). The washings were discarded. The obtained yellow
solid was extracted with benzene (40 mL), and the extract filtered to
remove an insoluble, white solid (260 mg), which was shown by NMR
spectroscopy to be the imidazolium salt (Im-Me,H)CI (4).5% The filtrate
was evaporated to dryness, and the residue washed with 10 mL of hexane
and dried in vacuo (1h, 30°C, 0.05mbar) to afford organosilicon(II)
chloride 3b as a yellow solid. Yield: 970 mg (1.45 mmol, 93%). Com-
pound 3b starts to decompose on heating at 172°C. Elemental analysis
caled (%) for C;3Hg CIN,Si (669.48): C 77.14, H 9.18, N 4.19, Cl 5.30;
"HNMR (400.1 MHz, CiDg, 298 K): 6=1.13 (s, 6H, C*>-Me, Im-Me,),
1.173 (d, *J(H,H)=6.8 Hz, 6H, 2x C>-CHMe Meg, Trip), 1.183 (d, *J-
(H,H)=6.8 Hz, 6H, 2x C>-CHMe,Mey, Trip), 1.271 (d, *J(H,H)=6.9 Hz,
2x C*-CHMeMeg, Trip), 1.277 (d, J(H,H)=6.9 Hz, 2x C*-CHMe Mey,
Trip) 1.31 (d, *J(H,H) =6.8 Hz, 6 H, 2 x C>-CHMe Meg, Trip), 1.74 (d, *J-
(H,H)=6.8 Hz, 6H, 2xC’-CHMe,Me;, Trip), 2.87 (sept, *J(HH)=
6.9 Hz, 2H, 2x C*-CHMeMey, Trip), 3.02 (sept, *J(H,H)=6.8 Hz, 2H,
2x C>-CHMe Meg, Trip), 3.14 (s, 6H, 2xNMe, Im-Me,), 3.43 (sept, *J-
(H,H)=6.8 Hz, 2H, 2 x C-CHMe Mey, Trip), 7.03 (d, */(H,H)=1.6 Hz,
2H, 2x C*-H, Trip), 7.10-7.13 (m, 3H, C**-H+C*H, C¢H;), 7.24 ppm (d,
“J(H,H)=1.6 Hz, 2H, 2x C>-H, Trip); “C{'"H} NMR (75.47 MHz, C,D,,
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298 K): 0=17.9 (s, C**-Me, Im-Me,), 23.0 (s, 2 x C>-CHMe ,Mej, Trip), 23.7
(s, 2x C*-CHMe Mey, Trip), 24.4 (s, 2x C*-CHMe Meg, Trip), 24.7 (s, 2x
C*-CHMe,Mey, Trip), 26.5 (s, 2x C*-CHMe Mey, Trip), 26.9 (s, 2x C*-
CHMe Meg, Trip), 31.0 (s, 2xC:-CHMeMeg, Trip), 31.7 (s, 2xC"-
CHMe  Mey, Trip), 33.8 (s, 2x N-Me, Im-Me,), 34.7 (s, 2x C*~-CHMe \Mey,
Trip), 120.1 (s, 2x C*-H, Trip), 121.0 (s, 2x C>-H, Trip), 124.4 (s, C*-H,
C¢H,), 125.1 (s, C*>-Me, Im-Me,), 130.8 (s, C**-H, C4H,), 140.0 (s, 2x C',
Trip), 145.0 (s, C*°, C¢Hs), 147.3 (s, 2x C?, Trip), 147.4 (s, 2x C*, Trip),
147.5 (s, 2x C®, Trip), 150.6 (s, Si-C', C¢Hs), 166.7 ppm (s, 'J(*C,”Si)=
37 Hz, Si-C?, Im-Me,); ¥Si{'H} NMR (59.63 MHz, C¢Dg, 298 K): 0=
0.77 ppm (s).

Synthesis of GeCl,(Im-Me,) (5): A Schlenk tube was charged with
GeCly(1,4-dioxane) (1.00 g, 4.32 mmol), and the germanium compound
was suspended in toluene (15 mL). A solution of 2 (536 mg, 4.32 mmol)
in toluene (20 mL) was added slowly via cannula to the suspension at
room temperature under rapid stirring. The reaction mixture was stirred
for 1 h at room temperature and the resulting clear, slightly yellow solu-
tion was filtered from a tiny amount of an orange insoluble material. The
filtrate was concentrated in vacuo to about 5 mL, upon which a white
solid precipitated. The white solid was separated from the light yellow
mother liquor by filtration at —60°C, washed with pentane (2x5 mL) at
—60°C, and dried in vacuo at room temperature for 2 h to afford com-
pound 5 as a white, microcrystalline powder. Yield: 1.02 g (3.81 mmol,
88%). M.p.: 104°C; elemental analysis caled (%) for C,H;,Cl,GeN,
(267.68): C 31.41, H 4.52, N 10.47, Cl 26.49; found: C 31.62, H 447, N
10.31, Cl 262%; 'HNMR (300.1 MHz, C¢Dy, 298 K): 6=1.07 (s, 6H,
C*-Me), 3.19 ppm (s, 6H, 2xN-Me); 'HNMR (400.1 MHz, [Dg]THF,
298 K): 0=2.19 (s, 6H, C*>-Me), 3.93 ppm (s, 6H, 2xN-Me); “C{'H}
NMR (75.5 MHz, C¢Dy, 298 K): §=7.5 (s, 2x C**-Me), 33.0 (s, 2xN-Me),
125.7 (s, C**-Me), 166.1 ppm (s, Ge-C?).

Synthesis of GeCl(C¢H;-2,6-Mes,)(Im-Me,) (7a): A suspension of GeCl,-
(Im-Me,) (5, 370 mg, 1.382 mmol) in 15mL of toluene was cooled to
—78°C. A precooled (—78°C) solution of Li(C4H;-2,6-Mes,) (443 mg,
1.383 mmol) in toluene (15 mL), was added rapidly via cannula to the
first suspension with stirring. The reaction mixture was stirred for 1 h at
—78°C, at which point an almost colorless solution and a white insoluble
solid were present. The Schlenk tube was then transferred to a —20°C
cooling bath and stirring was continued for a further 1 h, upon which the
reaction solution turned light blue. The mixture was then warmed to 0°C
and stirred at this temperature for an additional 2 h to afford a Prussian
blue colored solution with a white precipitate. On stirring the reaction
mixture at room temperature for 0.5 h the color of the solution turned
orange and a white precipitate was present. Pentane (15 mL) was added
to the mixture, and the suspension was filtered via cannula at room tem-
perature. The residue was extracted with a toluene:pentane mixture (2:1,
2x10 mL) and the filtrates were combined, leaving 120 mg of a white res-
idue (LiCl) in the reaction vessel. The clear orange filtrate was concen-
trated in vacuo at room temperature to about 2 mL. Pre-cooled (0°C)
pentane (5SmL) was added to the filtrate via cannula to precipitate a
light yellow solid, which was filtered off, washed with pentane (2x
10 mL), and dried in vacuo for 0.5 h at room temperature to afford the
product as a white powder. Yield: 667 mg (1.22 mmol, 88 % ). Compound
7a starts to decompose at 185°C, turning brown. Elemental analysis
caled (%) for C;Hj3,ClGeN, (545.67): C 68.23, H 6.83, N 5.14, Cl 6.50;
found: C 6891, H 6.86, N 4.71, Cl 5.7; '"HNMR (300.1 MHz, C¢Ds,
298 K): 0=1.15 (s, 6H, C*-Me, Im-Me,), 2.09 (s, 6H, 2x C-Me, Mes),
2.17 (s, 6H, 2x C*-Me, Mes), 2.51 (s, 6 H, 2x C*-Me, Mes), 2.91 (s, 6 H, 2x
N-Me, Im-Me,), 6.64 (s, 2H, 2x C*-H, Mes), 6.87 (s, 2H, 2x C>-H, Mes),
6.98 (d, YJ(HH)=7.5Hz, 2H, C*-H, CH;), 724 ppm (t, *J(HH)=
7.5Hz, 1H, C*-H, CH;); '"HNMR (400.1 MHz, [Dg]THF, 298 K): 6
=1.92 (s, 6H, 2x Me, Mes), 2.02 (s, 6 H, C**-Me, Im-Me,), 2.18 (s, 6 H, 2 x
Me, Mes), 2.25 (s, 6H, 2 x Me, Mes), 3.30 (s, 6H, 2xN-Me, Im-Me,), 6.64
(s, 2H, 2x C-H, Mes), 6.74 (d, *J(H,H)=7.5 Hz, 2H, C**-H, CiH;), 6.77
(s, 2H, 2xC-H, Mes), 7.16 ppm (t, *J(H,H)=7.5Hz, 1H, C*-H, CH,);
BC{'H} NMR (75.47 MHz, C¢D, 298 K): 6=7.8 (s, C**-Me, Im-Me,),
21.1 (s, 2x C*-Me, Mes), 21.2 (s, 2 x C2-Me, Mes), 21.9 (s, 2x C*-Me, Mes),
34.0 (s, 2xN-Me, Im-Me,), 1242 (s, C**-Me, Im-Me,), 126.7 (s, C*-H,
CHy), 128.1 (s, 2x C*-H, Mes), 128.7 (s, 2x C*-H, Mes), 129.1 (s, C**-H,
CH3), 135.3 (5, 2x C*, Mes), 135.7 (s, 2x C%, Mes), 136.7 (s, 2x C°, Mes),
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1413 (s, 2xC', Mes), 147.1 (s, C**, CiHy), 156.0 (s, Ge-C', CsH,),
170.5 ppm (s, Ge-C?, Im-Me,).

Synthesis of GeCl(C¢H;-2,6-Trip,)(Im-Me,;) (7b): A solution of 1,3,4,5-
tetramethylimidazol-2-ylidene (2, 47 mg, 0.38 mmol) in toluene (15 mL)
was added to an orange solution of GeCl(C¢H;-2,6-Trip,) (6b-Ge,
219 mg, 0.37 mmol) in toluene (10 mL). Upon addition the reaction solu-
tion decolorized. The solvent was removed in vacuo and the residue was
washed with hexane (3 mL) and dried in vacuo for 1 h at ambient tem-
perature to afford the product 7b as a white, microcrystalline solid.
Yield: 213 mg (0.30 mmol, 80%). M.p. 162°C; elemental analysis calcd
(%) for Cy;3Hg CIGeN, (714.01): C 72.33, H 8.61, N 3.92; found: C 72.60,
H 843, N 3.73%; 'HNMR (500.1 MHz, C,D, 298 K): 6=1.140 (d, *J-
(H,H) =6.8 Hz, 6H, 2x C>-CHMe Meg, Trip), 1.145 (s, 6H, C**-Me, Im-
Me,), 1.168 (d, *J(H,H) =6.8 Hz, 6 H, 2x C>-CHMe,Mej, Trip), 1.276 (d,
3J(HH)=6.8 Hz, 6H, 2xC'-CHMe Meg, Trip), 1.283 (d, J(HH)=
6.9 Hz, 6H, 2x C*-CHMe,Mey), 1.295 (d, *J(H,H)=6.8 Hz, 6H, 2xC’-
CHMe,Meg, Trip), 1.72 (d, *J(H,H)=6.8 Hz, 6H, 2xC*-CHMe,Meg,
Trip), 2.87 (sept, *J(H,H)=6.9 Hz, 2H, 2xC*-CHMeMeg, Trip), 3.02
(sept, *J(H,H)=6.8 Hz, 2H, 2x C>-CHMe Meg, Trip), 3.07 (s, 6H, 2x
NMe, Im-Me,), 3.38 (sept, *J(H,H)=6.8 Hz, 2H, 2xC*-CHMe,Me;,
Trip), 7.05 (d, “/(H,H)=1.7 Hz, 2H, 2x C*-H, Trip), 7.14-7.17 (m, 3H,
C*-H+C*H, C¢H,, this signal group overlaps partially with the residual
proton signal of the deuterated solvent), 7.24 ppm (d, *J(H,H)=1.7 Hz,
2H, 2xC-H, Trip); "C{'H} NMR (125.8 MHz, C(Ds, 298 K): 6=7.8 (s,
C*-Me, Im-Me,), 22.8 (s, 2xC*-CHMe,Meg, Trip), 23.7 (s, 2xC°-
CHMe,Meg, Trip), 24.4 (s, 2xC-CHMe,Mey, Trip), 24.7 (s, 2xC*-
CHMe,Meg, Trip), 26.6 (s, 2xC*-CHMe Mey, Trip), 26.9 (s, 2xC*-
CHMe Meg, Trip), 31.1 (s, 2x C-CHMeMey, Trip), 31.7 (s, 2xC°-
CHMe ,Meg, Trip), 33.9 (s, 2xN-Me, Im-Me,), 34.7 (s, 2 x C*-CHMe \Meg,
Trip), 120.3 (s, 2x C*-H, Trip), 120.9 (s, 2x C>-H, Trip), 124.8 (s, C**-Me,
Im-Me,), 1252 (s, C*-H, C¢Hj;), 130.7 (s, C**-H, C¢H,), 139.3 (s, 2xC',
Trip), 146.0 (s, C**, C¢Hy), 147.2 (s, 2x C?, Trip), 147.4 (s, 2x C°, Trip),
147.5 (s, 2x C*, Trip), 156.1 (s, Ge-C', C¢H;), 171.7 ppm (s, Ge-C*, Im-
Me,).

Crystal structure determination of 3b, 3b-0.5benzene, 5-0.5toluene and
7b: Yellow single crystals of 3b were grown by cooling a concentrated
toluene solution from ambient temperature to +4°C. Diffusion of pen-
tane into a [Dg]benzene solution of 3b afforded yellow crystals of the
benzene hemisolvate of 3b. Colorless single crystals of the toluene hemi-
solvate of 5 were obtained upon cooling a concentrated toluene solution
from ambient temperature to —60°C, and colorless single crystals of 7b
upon slow cooling of a warm saturated hexane solution to room tempera-
ture. The data collection of 3b, 3b-0.5benzene and 7b was performed on
a NONIUS KappaCCD diffractometer (area detector), and that of
5.0.5toluene on a STOE IPDS2T diffractometer, with graphite-mono-
chromated Moy, radiation (A=0.71073 A). Both diffractometers were
equipped with a low-temperature device (Cryostream, Oxford Cryosys-
tems, 123(2) K). Intensities were measured by fine-slicing w- and ¢-scans
and corrected for background, polarization and Lorentzian effects. A nu-
merical (5-0.5toluene, 7b) or semiempirical (3b, 3b-0.5benzene) absorp-
tion correction from equivalent reflections was applied for all data sets
by using Blessing’s method.””! The structures were solved by direct meth-
ods and refined anisotropically by the least-squares procedure imple-
mented in the SHELX program system.® The hydrogen atoms were in-
cluded isotropically by using the riding model on the bound carbon
atoms. The illustrations of the molecular structures were prepared with
Diamond 2.1¢.*”)

CCDC-749955 (3b), CCDC-749956 (3b-0.5benzene), CCDC-749957
(5-0.5toluene), and CCDC-749954 (7b) contain the supplementary crys-
tallographic data for this paper. These data can be obtained free of
charge from The Cambridge Crystallographic Data Centre via
www.ccde.cam.ac.uk/data_request/cif.

Electronic structure calculations: All calculations were carried out at the
nonlocal density functional level of theory (DFT) by using the exchange
functional of Becke and the correlation functional of Perdew (BP86)1!
or the hybrid three-parameter functional of Becke and the correlation
functional of Lee, Yang and Parr (B3LYP)."!! The following basis sets
were used: 1) basis set I, which is a combination of the TZVPP basis!*?!
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for the silicon, bromine and carbene carbon atoms and the 6-31G* basis
set!®! for all other atoms; b2) basis set Ib, which corresponds to basis set
“TZ2P” of the program package ADF2007 without frozen-core approxi-
mation;* 3) the LANL2DZ basis set as implemented in Gaussian03.

All geometry optimizations using basis set I were carried out without
symmetry restraints with the program package Gaussian 03 by using its
standard convergence criteria.”’! The optimized geometries were verified
as minima on the potential-energy surface by evaluation of their harmon-
ic vibrational frequencies, which were used to calculate the zero-point vi-
brational energies of Im-Me, (2), 3b, 6b-Si, 6b-Ge and 7b. Geometry op-
timization of 3b and 7b at the BP86/Ib level of theory was carried out
with the program ADF 2007.01“¢ and the implemented basis set
“TZ2P”. No frozen-core approximation was used and scalar relativistic
effects were considered by means of the zero-order regular approxima-
tion (ZORA).

The NBO analyses of 3b and 7b were performed with the NBO 5.0 pro-
gram.””! Atomic charges in all structures were obtained by the natural
population analysis (NPA) method within the NBO approach. The NBO
method interprets a many-electron molecular wave function in terms of
localized electron-pair bonding units and leads to a natural Lewis struc-
ture which describes best the system.

The Gibbs free energies of bond dissociation of 3b and 7b were calculat-
ed at the B3LYP/I level of theory and corrected for the difference in the
zero-point vibrational energies (ZPVE, B3LYP/I). Thermal corrections
were carried out under standard conditions (7=298.15K, and P=
1 atm).

The transition state of the isomerization of 3b was calculated by using
the Berny algorithm implemented in Gaussian. The starting geometry
was obtained from a partially optimized geometry with the restriction of
a planar-coordinated Si atom. IRC calculations in both directions were
carried out to assure the right trajectory of the transition state.
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