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Introduction

Zinc hydrides are used as reducing agents in organic synthe-
sis,[1] as models for zinc-containing enzymes,[2] and as molec-
ular precursors in materials science.[3] As a result of the low
thermal stability of polymeric (ZnH2)n,

[4] more stable zinc
hydride derivatives of general formula RZnH were studied
and stabilized through chelation with monoanionic ligands[5]

or as Lewis base adducts, such as pyridine [(R)ZnH-ACHTUNGTRENNUNG(pyridine)] (R=Et, Ph).[6] Most of these compounds contain
bridging hydrido ligands.[7] Well-defined zinc compounds
featuring a terminal hydride ligand remain still rare,[2,8] espe-
cially those containing both alkyl and hydrido ligands.[8e]

The extensive use of N-heterocyclic carbenes (NHCs)[9]

over the last two decades in homogeneous catalysis is based
on their ability to act as strong two-s-electron donors.
NHCs are well-established ligands for transition metals, but
used to a lesser extent for the Group 12 metal zinc.[10] We
have recently reported on molecular zinc dihydrides with
the composition [{ZnH2(L)}2] (L= 1,3-bis(2,4,6-trimethyl-
phenyl/2,6-diisopropylphenyl)imidazol-2-ylidene) as adducts
with bulky NHC ligands.[11] Because the monodentate NHC
ligands are labile, we resorted to the use of a chelating
methylene-linked bis(N,N’-di-tert-butyl-imidazol-2-ylidene)
ligand.[12] Herein, we report the synthesis and reactivity of
a zinc hydride stabilized by a new type of monoanionic bis-

NHC chelating ligand, methylidyne-3,3’-bis(N-tert-butylimi-
dazol-2-ylidene).

Results and Discussion

Dimeric Ethyl Compound 2

The bis-NHC ligand 1 was synthesized by following a litera-
ture report[12] and purified by crystallization from a saturated
solution in pentane at �35 8C. Treating a solution of 1 in
benzene with a 1 m solution of ZnEt2 in hexane at ambient
temperature gave the dimeric mono ACHTUNGTRENNUNG(ethyl) compound 2 in
88 % yield (Scheme 1).[10f] Compound 2 contains a monoa-

nionic bis ACHTUNGTRENNUNG(NHC) ligand of L2X type (L=neutral and X=

anionic ligand), which is formed by the unusual deprotona-
tion of the methylene proton of the ligand backbone by an
ethyl moiety under elimination of ethane. Clean formation
of 2 through activation of an sp3-C�H bond is remarkable
because reactions of similar types of ligand with other metal
alkyl reagents give either no activation or a mixture of prod-
ucts from which the activated products cannot be isolated in
a pure form.[13] Compound 2 is moderately soluble in tetra-
hydrofuran (THF), but not in aliphatic and aromatic hydro-
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Scheme 1. Synthesis of compound 2.
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carbons. It was characterized by NMR spectroscopy and
single-crystal X-ray diffraction.

The 1H NMR spectrum of 2 contains only one set of sig-
nals for both the NHC ligand and the ethyl group; this is
consistent with Ci symmetry in solution. In the 1H NMR
spectrum, deprotonation of the methylene group was evi-
dent from the integration ratio of the signal at d= 5.82 ppm
relative to other resonances of the ligand and the ethyl
group. Ethane was detected by in situ 1H NMR spectrosco-
py. Coordination of the NHC ligand to the zinc center was
confirmed by a signal at d= 186.4 ppm in the 13C{1H} NMR
spectrum; a value characteristic for a zinc(II)-bonded carbe-
ne.[10a–d]

Single crystals of the composition 2·2 C4H8O were ob-
tained from a solution in THF/pentane at �35 8C. The mo-
lecular structure consists of a centrosymmetric dimer with
a core containing zinc atoms and methylidyne bridges of the
NHC ligands (Figure 1). As expected, the Zn�CNHC bond

lengths[10b–d,11] (Zn1�C1 2.121(2) �, Zn1�C8 2.130(3) �) are
slightly longer than the bonds between zinc and the formally
anionic ligands (Zn1�C15* 2.108(2) �, Zn1�C16
2.052(3) �). The zinc center coordinated by two NHC
donors, one methylidyne carbon and one ethyl group, is in
a distorted tetrahedral coordination environment. The dihe-
dral angle between two NHC rings of the same ligand is
130.3(1)8 with a bite angle of ligand 1 (C1-Zn1-C8) of
91.59(9)8. The Zn···Zn distance of 3.8367(6) � excludes
a bonding interaction between the zinc centers.

Phenylsilyl Compound 3

Metal alkyl complexes are reported to react with PhSiH3 to
give hydride complexes.[14] When compound 2 was treated
with PhSiH3, phenylsilyl compound 3 instead of a hydride
species was obtained (Scheme 2). Compound 3 was isolated
as crystals in 39 % yield. An in situ 1H NMR spectroscopy
experiment showed the formation of ethane, probably as

a result of the deprotonation of PhSiH3 by zinc ethyl in 2.
Compound 3 is highly soluble in THF and aromatic solvents,
but insoluble in aliphatic hydrocarbons. It was characterized
by multinuclear NMR spectroscopy along with single-crystal
X-ray diffraction.

The 1H NMR spectrum of 3 shows only one set of signals
for the NHC ligand and for the SiH2Ph group in a ratio of
1:1. The silyl groups give rise to a signal at d=4.0 ppm (1J-ACHTUNGTRENNUNG(Si,H)= 139 Hz) in the 1H NMR spectrum and a resonance
at d=�57.34 ppm in the 29Si{1H} NMR spectrum in
[D8]THF.[15] The zinc-bound carbene signal was observed at
d= 183.6 ppm in the 13C{1H} NMR spectrum. Molecular di-
hydrogen (1 bar) did not react with 3, even at 50 8C for
3 days.

Colorless crystals of the composition 3·2 C4H8O suitable
for X-ray diffraction study were obtained from a solution in
THF/Et2O at �35 8C. The molecular structure consists of
a centrosymmetric dimer similar to 2 and with zinc coordi-
nated tetrahedrally by two NHC donors, one methylidyne
carbon atom and one SiH2Ph moiety (Figure 2). The Zn1�
Si1 bond length of 2.4522(14) is comparable to that found in
related zinc silyl compounds.[15] The Zn···Zn distance
(3.692(2) �) is slightly shorter than that in 2.

Hydride Compound 4

The reaction of 2 with molecular dihydrogen (1 bar, 60 8C, 2
days) gave only unreacted starting material. When com-
pound 2 was treated with one equivalent of LiAlH4 at 25 8C
for 8 h in THF, hydride 4 was obtained (Scheme 2). This
compound was isolated as colorless crystals in 52 % yield
after recrystallization from a solution in THF/pentane at
�35 8C. Compound 4 can also be synthesized by first react-
ing 2 with Ph3SiOH to yield [{Zn ACHTUNGTRENNUNG(OSiPh3) ACHTUNGTRENNUNG(1�H)}2] (not iso-
lated) under ethane elimination, which readily reacts with
PhSiH3 to give 4 in 71 % yield through Zn�OSiPh3/Si�H

Figure 1. Molecular structure of 2. Thermal ellipsoids are drawn at the
50% probability level. Hydrogen atoms and cocrystallized solvent mole-
cules of THF are omitted for clarity. Atoms labeled with an asterisk are
related by a symmetry operation (2�x, �y, 1�z).

Scheme 2. Synthesis of compounds 3 and 4 : a) PhSiH3, C6H6, 60 8C,
4 days; b) LiAlH4, THF, 8 h, 25 8C; c) i) Ph3SiOH, THF, 25 8C, 12 h;
ii) PhSiH3, THF, 25 8C, 2 h.
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bond metathesis. The reaction of 2 with other alcohols, such
as methanol and Me3SiOH, gave complicated product mix-
tures. Compound 4 is soluble in THF, but moderately solu-
ble in aromatic solvents, and is stable in solution at 25 8C for
days and can be stored for months at �35 8C.

The hydride in 4 is characterized by an intense nZn�H vi-
brational absorption in the IR spectrum at ñ= 1548 cm�1.
This absorption shifts to a lower frequency of ñ=1117 cm�1

for the corresponding deuteride isotopomer (nZn�H/nZn�D =

1.385). The 1H NMR spectrum in [D8]THF shows a broad
singlet at d= 4.14 ppm for the Zn�H resonance and a dou-
blet (3JACHTUNGTRENNUNG(H,H)= 1.25 Hz) at d= 5.48 ppm for the methylidyne
bridge proton because of the coupling with the hydrido frag-
ment, as evidenced by 1H–1H COSY NMR spectroscopy ex-
periments (see the Supporting Information). In the
13C{1H} NMR spectra, the zinc-bonded carbene signal is de-
tected at d= 187.5 ppm.[10a–d]

Treating a solution of 4 in [D8]THF with D2 (1 bar) did
not result in any H�D exchange, even at 60 8C over several
days. This type of inertness has also been observed for the
zinc dihydride [{ZnH2(L)}2] (L =1,3-bis(2,4,6-trimethylphe-
nyl)imidazol-2-ylidene (IMes), 1,3-bis(2,6-diisopropylpheny-
l)imidazol-2-ylidene, IPr).[11]

Crystals suitable for X-ray diffraction were obtained from
a solution in benzene/THF/pentane at 25 8C. The molecular
structure reveals that 4 is related to that of 2 and 3. The zinc
centers are tetrahedrally coordinated by two NHCs, one
alkyl donor and one terminal hydrido ligand (Figure 3). The
only reported compound that contains a terminal hydride
next to an alkyl moiety is [(Tptm = tris(2-pyridylthio)me-
thyl).[8e] The Zn�H bond length of 1.61(3) � is 0.1 � longer
than those found in the four-coordinate compound [(k3-
Tptm)ZnH].[8e] The Zn�CNHC bond lengths (Zn1�C1
2.105(2) �, Zn1�C9 2.095(2) �) are in the range of those
found for 2 and 3.

Reactions of 4 with CO2, Ph2CO, and (iPrN)2C

Zinc catalysts are of potential interest for applications in the
copolymerization of CO2 with epoxides[16] and ring-opening
polymerization of lactide[17] to give polyesters. Zinc formates
are important intermediates in the Cu/ZnO-catalyzed syn-
thesis of methanol.[18] Compound 4 reacts readily with CO2

(pACHTUNGTRENNUNG(CO2)=0.5 bar) at 25 8C to give formate species 5
(Scheme 3) by double insertion into the Zn�H bonds with

Figure 2. Molecular structure of 3. Thermal ellipsoids are drawn at the
50% probability level. Hydrogen atoms and solvent molecules are omit-
ted for clarity. Atoms labeled with an asterisk are related by a symmetry
operation (2�x, �y, 1�z).

Figure 3. Molecular structures of 4. Thermal ellipsoids are drawn at the
50% probability level. Hydrogen atoms, except that of the hydride coor-
dinated with zinc, are omitted for clarity. Atoms labeled with an asterisk
are related by a symmetry operation (1/2�x, 1/2�y, �z).

Scheme 3. Synthesis of compounds 5, 6, and 7: a) CO2 (0.5 bar), THF,
25 8C, 12 h; b) Ph2CO, THF, 25 8C, 2 h; c) C ACHTUNGTRENNUNG(NiPr)2, THF, 25 8C, 2 h.
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retention of the dimeric structure. Compound 5 is insoluble
in common organic solvents, such as THF and aromatic hy-
drocarbons, but soluble in CH2Cl2 and dimethylsulfoxide
(DMSO).

The formate unit in 5 is characterized by a singlet at d=

8.68 ppm in 1H NMR spectrum (CD2Cl2) and by a signal at
d= 167.9 ppm in the 13C{1H} NMR spectrum; these chemical
shifts are in the range of those reported for [{Zn ACHTUNGTRENNUNG(O2CH)2ACHTUNGTRENNUNG(IMes)}2]

[11] and other related compounds.[19b] The IR spec-
trum of 5 shows two strong absorptions at ñ=1621 (nasyACHTUNGTRENNUNG(C=

O)) and 1319 cm�1 (nsy ACHTUNGTRENNUNG(C=O)). The large separation be-
tween these two absorptions (Dn=302 cm�1) indicates k1 co-
ordination of the formate unit,[19] which is in agreement with
the solid-state structure determination.

Colorless single crystals suitable for X-ray diffraction
were obtained from a solution in CH2Cl2/Et2O at 25 8C. The
molecular structure shows that 5 is a dimer with two for-
mate groups in k1-coordination mode (Figure 4). The Zn1�

O1 bond length (2.0204(17) �) is similar to that reported
for the compound [(k3-Tptm)Zn ACHTUNGTRENNUNG(O2CH)], with a terminal
zinc formate unit.[8e] The C�O bond lengths within the for-
mate units (C1�O1 1.263(3) and C1�O2 1.220(3) �) indi-
cate partial delocalization of the double bond. The O1-C1-
O2 bond angle of 128.5(2)8 is in line with the sp2 character
of the formate carbon atom.

When zinc hydride 4 was treated with benzophenone and
(iPrN)2C at ambient temperature, insertion of CO or CN
into both zinc hydride bonds resulted in the quantitative for-
mation of bis ACHTUNGTRENNUNG(alkoxy) and bis(formamidinato) compounds 6
and 7, respectively. As with CO2, no insertion into the Zn�
C(methylidyne bridge) was observed; this is in line with the
observation that dialkyl zinc only reacts with (iPrN)2C at
elevated temperature to give an insertion product.[20] Both

compounds 6 and 7 were isolated as colorless crystals that
were highly soluble in common polar organic solvents.

In situ 1H NMR spectroscopic monitoring of both reac-
tions shows that the hydrido ligands in 4 have reacted within
1 h. The alkoxy unit in 6 was confirmed by the presence of
signals at d=6.17 and 83.0 ppm in the 1H and 13C{1H} NMR
spectra, respectively. The formamidinato unit in 7 is charac-
terized by one singlet at d=6.74 ppm (1H NMR spectrum)
and by a signal at d=161.4 ppm (13C{1H} NMR spectrum).
These chemical shifts are similar to those reported for
[Zn{CH ACHTUNGTRENNUNG(iPrN)2}(Mesnacnac)] (Mesnacnac= [HC{C(Me)-
N(2,4,6-Me3C6H2)}2]).[19b] Two sets of signals were observed
for the iPr groups in 7, which indicated the k1 coordination
of the formamidinato units in solution.

The molecular structure of 7 is shown in Figure 5. The di-
meric structure contains a crystallographic inversion center

within the Zn2C2 core. The Zn1�N5 bond length of
2.0181(16) � is in the range of other reported zinc formami-
dinato compounds.[19b] The N�C bond lengths of the forma-
midinato group were found to be 1.343(3) and 1.293(3) �.
The non-coordinated N�iPr fragments are directed away
from the central core to avoid steric crowding with the
bulky N�tBu groups of the NHC ligands. The N5-C16-N6
bond angle (128.12(19)8) is similar to the observed O-C-O
bond angle (128.5(2)8) of the formate compound 5.

Hydrosilylation of DPE and Methanolysis of Silanes

Zinc hydride compounds have recently attracted attention
as an economical alternative to commonly used precious-
metal catalysts for catalytic silane coupling with protic sol-
vents, for example, alcohol or water, to give alkoxy or hy-
droxy silanes, respectively.[21] They are also reported to be
active in the catalytic hydrosilylation of aldehydes, ketones,
and CO2.

[21a] The latter transformation allows the conversion
of cheap, abundant CO2 into renewable C1-feedstock chemi-
cals, such as ethyl formate and N,N-dimethylformamide.

Figure 4. Molecular structure of 5. Thermal ellipsoids are drawn at 50 %
probability level. Hydrogen atoms, except for those of the formate moiet-
ies and cocrystallized solvent molecules of CH2Cl2, are omitted for clari-
ty. Atoms labeled with an asterisk are related by a symmetry operation
(1�x, �y, 1�z).

Figure 5. Molecular structure of 7. Thermal ellipsoids are drawn at the
50% probability level. Hydrogen atoms, except for those of the formami-
dinato moieties and cocrystallized solvent molecules of THF, are omitted
for clarity. Atoms labeled with an asterisk are related by a symmetry op-
eration (2�x, �y, �z).
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Zinc hydride compounds have never been used in the cat-
alytic hydrosilylation of alkenes; an important reaction in
organic chemistry used to produce silicon-containing com-
pounds.[22] Therefore, we have tested 4 in the catalytic hy-
drosilylation of 1,1-diphenylethylene (DPE) and have moni-
tored the conversion by 1H NMR spectroscopy. Preliminary
studies revealed that 4 is moderately active and only one re-
gioisomer (Markovnikov or 1,2-addition product) was selec-
tively obtained (Scheme 4). Hydrosilylation with PhSiH3 re-

quires a higher reaction temperature than that required for
PhMeSiH2 when a stoichiometric amount of silane is used.
The tertiary silane PhMe2SiH did not give any hydrosilyla-
tion product (Table 1). When a slight excess of PhSiH3 with

respect to DPE (PhSiH3/DPE = 1.6:1) was used, the reaction
rate was enhanced compared with that of the stoichiometric
reaction and 89 % conversion was achieved within 3 h at
25 8C.

Apart from the hydrosilylation of DPE, the catalytic ac-
tivity of 4 in the methanolysis of silanes to give poly-ACHTUNGTRENNUNG(methoxy)silanes and dihydrogen was investigated. This re-
action not only gives access to Si�O bond containing com-
pounds for various applications in organosilicon[23] and relat-
ed materials chemistry,[24] but is also reported to be a potent
method for on-demand dihydrogen generation from liquid
storage materials.[21a]

1H NMR spectroscopic analysis revealed that all em-
ployed silanes (PhRSiH2, R= H, Me, and Ph) were selec-
tively converted with a requisite amount of methanol into
the corresponding substituted methyl siloxanes with a low
catalyst loading (0.5 mol %, 25 8C) within 10 min
(Scheme 5). No traces of partially substituted products were
obtained and crude reaction products contained only com-
pletely substituted methyl siloxanes, as determined by in
situ 1H NMR spectroscopy. When one equivalent of metha-
nol was used under the same reaction conditions, PhMeSiH2

gave the mono- and disubstituted products PhMeSiH ACHTUNGTRENNUNG(OMe)
and PhMeSiACHTUNGTRENNUNG(OMe)2, respectively, in a ratio of 93:7 within
10 min. These results indicate the higher activity of 4 com-
pared with a related zinc hydride catalyst.[21b]

Conclusion

Dimeric zinc ethyl compound 2, supported by an anionic
chelating bis-NHC ligand, was formed by the reaction of the
bis-NHC 1 with ZnEt2. The reaction of 2 with PhSiH3 gave
phenylsilyl compound 3 under ethane elimination. The zinc
hydride 4 was synthesized by reaction of 2 with LiAlH4 or
with Ph3SiOH followed by reaction with PhSiH3. X-ray crys-
tallography showed that compounds 2, 3, and 4 had similar
dimeric structures. The hydride 4 reacted with CO2 and
(iPrN)2C at ambient temperature to give formato (5) and
formamidinato (7) compounds, respectively. The formation
of compound 5 is of interest because of the relevance of
such species as intermediates in the Cu/ZnO-catalyzed syn-
thesis of methanol. Reaction with Ph2CO at ambient tem-
perature led to CO insertion into both Zn�H bonds to give
diphenylmethoxy compound 6.

Compound 4 showed moderate activity in the hydrosilyla-
tion reaction of DPE to selectively give Markovnikov addi-
tion products. Compound 4 exhibited excellent activity in
the methanolysis of silanes to readily and selectively yield
completely substituted poly ACHTUNGTRENNUNG(methoxy)silanes and dihydro-
gen.

Experimental Section

General Considerations

All manipulations were performed under an argon atmosphere by using
standard Schlenk or glove box techniques. Glassware was dried at 130 8C
in an oven overnight. The solvents used for the synthesis and NMR spec-
troscopy experiments were dried, distilled, and degassed by standard
methods and stored over 4 � molecular sieves. NMR spectroscopy meas-
urements were performed on a Bruker Avance II 400 MHz spectrometer
at 23 8C. The chemical shifts (d, in ppm) of the 1H NMR spectra were ref-
erenced to the residual proton signals of the deuterated solvents and re-
ported relative to tetramethylsilane. IR spectra were measured by using
an AVATAR 380 FTIR spectrometer. Abbreviations reported for the IR
spectra are as follows: w (weak), m (medium), and s (strong). Carbene
1 was prepared according to literature procedures[12] and PhSiD3 was pre-
pared by LiAlD4 reduction of PhSiCl3.

[25] All other chemicals were used
as received without further purification. Elemental analyses were per-
formed in the Microanalytical Laboratory of this department.

Scheme 4. Hydrosilylation of DPE catalyzed by 4.

Table 1. Hydrosilylation of DPE catalyzed by 4.

Silanes T [8C] t [h] Conversion[a] [%]

PhSiH3

25 18 53
25[b] 3 89[c]

60 15 80[c]

PhMeSiH2 25 12 88[c]

PhMe2SiH 60(80) 6(4) –

[a] Conversion to [Ph2C(Me) ACHTUNGTRENNUNG(SiRR1Ph)]; determined by in situ 1H NMR
spectroscopy. [b] DPE/PhSiH3 =1:1.6 was used. [c] Remainder is
Ph2C(Me)H.

Scheme 5. Catalytic methanolysis of silanes by using compound 4.
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Synthesis of 2

A 1m solution of Et2Zn in hexane (0.2 mL, 0.2 mmol) was slowly added
to a solution of 1 (0.052 g, 0.2 mmol) in benzene (2 mL). The reaction
mixture was stirred for 2 h at 25 8C. Pentane (5 mL) was added and the
precipitate was isolated by centrifugation, washed with pentane, and
dried under dynamic vacuum to give 2 (0.062 g, 0.088 mmol, 88%). Crys-
tals suitable for crystallography were obtained by slow diffusion of pen-
tane into a saturated solution of the compound in THF at �35 8C.
1H NMR (400.1 MHz, [D8]THF): d =6.90 (d, 3J ACHTUNGTRENNUNG(H,H) =1.51 Hz, 4H; Im-
H), 6.77 (d, 3J ACHTUNGTRENNUNG(H,H) = 1.51 Hz, 4H; Im-H), 5.82 (s, 2H; CH), 1.93 (t, 3J-ACHTUNGTRENNUNG(H,H) =8.03 Hz, 6 H; CH2CH3), 1.51 (s, 36 H; C ACHTUNGTRENNUNG(CH3)3), 0.51 ppm (q, 3J-ACHTUNGTRENNUNG(H,H) =8.03 Hz, 4H; CH2CH3); 13C{1H} NMR (100.6 MHz, [D8]THF):
d=186.4 (carbene-C), 119.0 (Im-C), 114.3 (Im-C), 80.1 (CH), 56.8 (C-ACHTUNGTRENNUNG(CH3)3), 31.8 (C ACHTUNGTRENNUNG(CH3)3), 16.4 (CH2CH3), 7.4 ppm (CH2CH3); elemental
analysis calcd (%) for C34H56N8Zn2 (707.63 gmol�1): C 57.71, H 7.98, N
15.84, Zn, 18.48; found: C 55.68, H 8.35, N 14.94, Zn 18.65.

Synthesis of 3

A solution of PhSiH3 (0.018 g, 0.168 mmol) in benzene (0.5 mL) was
added to a suspension of 2 (0.03 g, 0.042 mmol) in benzene (0.5 mL). The
reaction mixture was heated to 60 8C overnight. All solids dissolved to
give a clear solution. The reaction mixture was stirred for 4 days at this
temperature. During this time a crystalline solid precipitated. After the
reaction time, the reaction mixture was evaporated to dryness, dissolved
in benzene, and filtered over Celite. The filtrate was concentrated and
hexane was added. The obtained precipitate was washed with hexane and
dried in dynamic vacuum. Pure product was obtained after recrystalliza-
tion (0.014 g, 0.0162 mmol, 39%). Single crystals suitable for X-ray struc-
ture determination were obtained from THF/Et2O at �35 8C. 1H NMR
(400.1 MHz, [D8]THF): d =7.67–7.70 (m, 4 H, oPh), 7.14–7.17 (m, 4 H,
mPh), 7.06 (tt, 3J ACHTUNGTRENNUNG(H,H) =7.4 Hz, 4J ACHTUNGTRENNUNG(H,H) =1.3 Hz, 2 H; pPh), 6.86 (d, 3J-ACHTUNGTRENNUNG(H,H) =1.76 Hz, 4H; Im-H), 6.69 (d, 3J ACHTUNGTRENNUNG(H,H) =1.76 Hz, 4H; Im-H), 5.51
(s, 2H; CH), 4.00 (1J ACHTUNGTRENNUNG(Si,H) =139 Hz, 4H; SiH2Ph), 1.34 ppm (s, 36H; C-ACHTUNGTRENNUNG(CH3)3); 13C{1H} NMR (100.6 MHz, [D8]THF): d=183.6 (carbene-C),
147.6 (iPh), 137.2 (oPh), 127.5 (mPh), 126.1 (pPh), 119.5 (Im-C), 115.5
(Im-C), 79.5 (CH), 57.6 (C ACHTUNGTRENNUNG(CH3)3), 32.1 ppm (C ACHTUNGTRENNUNG(CH3)3); 29Si{1H} NMR
(99.4 MHz, [D8]THF): d =�57.34 ppm; elemental analysis calcd (%) for
C42H60N8Si2Zn2 (863.92 gmol�1): C 58.39, H 7.00, N 12.97; found: C 56.96,
H 7.53, N 12.27.

Synthesis of 4

Method A : Compound 2 (0.057 g, 0.08 mmol) and Ph3SiOH (0.046 g,
0.164 mmol) were mixed in THF (3 mL) and stirred for 12 h at 25 8C.
After the reaction time, PhSiH3 (22 mL, 0.176 mmol) in THF (1 mL) was
added to the reaction mixture and stirred for 2 h at 25 8C. The reaction
mixture was filtered, evaporated to dryness, washed first with cold Et2O
(1 mL) and then with hexane/Et2O, and dried in vacuo to give a white
solid (0.037 g, 0.057 mmol, 71%).

Method B : A solution of LiAlH4 (0.005 g, 0.132 mmol) in THF (3 mL)
was added to a suspension of compound 2 (0.092 g, 0.13 mmol) in THF
(1 mL) over 5 min. The reaction mixture was stirred for 8 h at 25 8C. The
solution was filtered over Celite to give a clear, light-yellow filtrate. The
solution was concentrated to half of its volume and pentane was diffused
to precipitate a white solid. The solid was isolated and dried in vacuo
(0.044 g, 0.068 mmol, 52%). Crystals suitable for X-ray structure determi-
nation were obtained from a solution in benzene/THF/pentane at 25 8C.
1H NMR (400.1 MHz, [D8]THF): d=6.88 (d, 3J ACHTUNGTRENNUNG(H,H) =1.8 Hz, 4H; Im-
H), 6.81 (d, 3J ACHTUNGTRENNUNG(H,H) =1.8 Hz, 4H; Im-H), 5.48 (d, 3J ACHTUNGTRENNUNG(H,H) =1.3 Hz, cou-
pling with hydride, 2 H; CH), 4.14 (s, 2 H; Zn-H), 1.41 ppm (s, 36H; C-ACHTUNGTRENNUNG(CH3)3); 13C{1H} NMR (100.6 MHz, [D8]THF): d=187.5 (carbene-C),
119.5 (Im-C), 114.4 (Im-C), 80.4 (CH), 57.6 (C ACHTUNGTRENNUNG(CH3)3), 31.6 ppm (C-ACHTUNGTRENNUNG(CH3)3); IR (KBr): ñ=3121 (w), 3079 (w), 2974 (s), 2936 (w), 2907 (w),
2870 (w), 1548 (s, nZn�H), 1478 (w), 1466 (w), 1407 (w), 1391 (m), 1367 (s),
1315 (w), 1283 (m), 1249 (m), 1229 (m), 1209 (s), 1147 (w), 1114 (s), 1081
(w), 1021 (w), 995 (w), 826 (w), 790 (w), 755 (m), 703 (s), 670 (m), 593
(s), 516 (s), 481 cm�1 (m); elemental analysis calcd (%) for C30H48N8Zn2

(651.52 gmol�1): C 55.30, H 7.43, N 17.20; found: C 55.72, H 7.84, N
16.26.

Synthesis of [D2]4

This compound was prepared from compound 2 (0.021 g, 0.03 mmol) and
Ph3SiOH (0.017 g, 0.06 mmol) by using PhSiD3 (0.007 g, 0.066 mmol) in-
stead of PhSiH3 in 82% yield (0.016 g, 0.0245 mmol). IR (KBr): ñ =3122
(m), 3082 (w), 2968 (s), 2933 (w), 2872 (w), 1479 (w), 1470 (w), 1411 (m),
1391 (m), 1370 (s), 1314 (w), 1291 (m), 1247 (m), 1228 (m), 1209 (s), 1147
(w), 1117 (s, nZn�D), 1089 (w), 1021 (w), 997 (w), 826 (w), 798 (w), 749
(m), 720 (s), 712 (s), 674 (m), 585 (s), 522 (s), 503 (w), 462 cm�1 (w).

Synthesis of 5

A solution of 4 (0.026 g, 0.04 mmol) in THF (2 mL) was pressurized with
0.5 bar of CO2 at room temperature for 10 min, resulting in the precipita-
tion of a white solid. After standing overnight, the precipitate was fil-
tered, washed with THF and pentane, and dried under reduced pressure
(0.025 g, 0.034 mmol, 85%). Colorless crystals suitable for X-ray diffrac-
tion analysis were grown from CH2Cl2/Et2O at 25 8C. 1H NMR
(400.1 MHz, CD2Cl2, 298 K): d=8.68 (s, 2H; OCHO), 7.03 (d, 3J ACHTUNGTRENNUNG(H,H) =

1.76 Hz, 4 H; Im-H), 6.85 (d, 3J ACHTUNGTRENNUNG(H,H) = 1.76 Hz, 4 H; Im-H), 6.07 (s, 2 H;
CH), 1.33 ppm (s, 36H; C ACHTUNGTRENNUNG(CH3)3); 13C{1H} NMR (100.6 MHz, CD2Cl2):
d=180.4 (carbene-C), 167.9 (OCHO), 120.2 (Im-C), 115.7 (Im-C), 77.6
(CH), 57.4 (C ACHTUNGTRENNUNG(CH3)3), 31.1 ppm (C ACHTUNGTRENNUNG(CH3)3); IR (KBr): ñ=3152 (w), 3121
(m), 3084 (w), 2975 (s), 2933 (w), 2875 (w), 2784 (m), 2699 (w), 1621 (s,
nasy ACHTUNGTRENNUNG(C=O)), 1478 (w), 1470 (w), 1412 (w), 1394 (m), 1371 (s), 1319 (s, nsy-ACHTUNGTRENNUNG(C=O)), 1289 (m), 1248 (m), 1232 (m), 1209 (s), 1151 (w), 1115 (s), 1082
(w), 825 (w), 756 (s), 742 (s), 719 (s), 678 (m), 585 (m), 505 cm�1 (m); ele-
mental analysis calcd (%) for C32H48N8Zn2O4 (739.544 gmol�1): C 51.97,
H 6.54, N 15.16; found: C 52.25, H 6.62, N 14.46.

Synthesis of 6

Ph2C(=O) (0.012 g, 0.066 mmol) in THF (1 mL) was slowly added to a so-
lution of 4 (0.020 g, 0.031 mmol) in THF (2 mL). After stirring the reac-
tion mixture for 2 h at 25 8C, all volatile compounds were removed under
dynamic vacuum. The remaining residue was washed with hexane and
dried in dynamic vacuum to yield a white solid (0.025 g, 0.0246 mmol,
79%). 1H NMR (400.1 MHz, [D8]THF, 298 K): d =7.60–7.62 (m, 8H;
oPh), 7.14–7.17 (m, 8 H; mPh), 7.01 (tt, 3J ACHTUNGTRENNUNG(H,H) =7.3 Hz, 4J ACHTUNGTRENNUNG(H,H) =

1.3 Hz, 4H; pPh), 6.79 (d, 3J ACHTUNGTRENNUNG(H,H) =1.8 Hz, 4 H; Im-H), 6.42 (d, 3J-ACHTUNGTRENNUNG(H,H) =1.5 Hz, 4 H; Im-H), 6.17 (s, 2H; OCHPh2), 5.01 (s, 2 H; CH),
1.35 ppm (s, 36H; CACHTUNGTRENNUNG(CH3)3); 13C{1H} NMR (100.6 MHz, [D8]THF): d=

183.0 (carbene-C), 155.6 (iPh), 128.6 (oPh), 128.0 (pPh), 125.5 (mPh),
119.2 (Im-C), 115.1 (Im-C), 83.0 (OCHPh2), 78.2 (CH), 57.5 (C ACHTUNGTRENNUNG(CH3)3),
31.7 ppm (C ACHTUNGTRENNUNG(CH3)3); elemental analysis calcd (%) for C56H68N8Zn2O2

(1015.944 gmol�1): C 66.20, H 6.75, N 11.03; found: C 65.45, H 7.02, N
10.27.

Synthesis of 7

N,N’-Diisopropylcarbodiimide (0.024 g, 0.092 mmol) in THF (1 mL) was
slowly added to a solution of 4 (0.028 g, 0.043 mmol) in THF (3 mL).
After stirring the reaction mixture for 2 h at 25 8C, all volatile compounds
were removed under dynamic vacuum. The remaining residue was
washed with cold pentane and dried in vacuo to give a white solid
(0.030 g, 0.0335 mmol, 78 %). Crystals suitable for X-ray diffraction were
obtained from THF/Et2O at �35 8C. 1H NMR (400.1 MHz, [D8]THF,
298 K): d =7.01 (d, 3J ACHTUNGTRENNUNG(H,H) =1.8 Hz, 4 H; Im-H), 6.98 (d, 3J ACHTUNGTRENNUNG(H,H) =

1.5 Hz, 4 H; Im-H), 6.74 (s, 2 H; (iPrN)2CH), 5.65 (s, 2 H; CH), 4.15 (sept,
3J ACHTUNGTRENNUNG(H,H) =6.3 Hz, 2 H; CH ACHTUNGTRENNUNG(CH3)2), 2.59 (sept, 3J ACHTUNGTRENNUNG(H,H) =6.3 Hz, 2H; CH-ACHTUNGTRENNUNG(CH3)2), 1.43 (d, 3J ACHTUNGTRENNUNG(H,H) =6.3 Hz, 12H; CHACHTUNGTRENNUNG(CH3)2), 1.36 (s, 36H; C-ACHTUNGTRENNUNG(CH3)3), 0.85 ppm (d, 3J ACHTUNGTRENNUNG(H,H) =6.3 Hz, 12H; CHACHTUNGTRENNUNG(CH3)2); 13C{1H} NMR
(100.6 MHz, [D8]THF): d=184.4 (carbene-C), 161.4 ((iPrN)2CH), 121.0
(Im-C), 114.3 (Im-C), 80.1 (CH), 57.9 (C ACHTUNGTRENNUNG(CH3)3), 57.7 (CH ACHTUNGTRENNUNG(CH3)2), 48.1
(CH ACHTUNGTRENNUNG(CH3)2), 31.8 (C ACHTUNGTRENNUNG(CH3)3), 27.7 (CH ACHTUNGTRENNUNG(CH3)2), 25.0 ppm (CH ACHTUNGTRENNUNG(CH3)2); el-
emental analysis calcd (%) for C44H76N12Zn2 (903.928 gmol�1): C 58.46,
H 8.48, N 18.60; found: C 57.98, H 9.37, N 18.38.

Catalytic Hydrosilylation of DPE with Silanes by Using 4

PhSiH3 (6.5 mg, 0.06 mmol), PhMeSiH2 (7.3 mg, 0.061 mmol), or
PhMe2SiH (8.2 mg, 0.06 mmol) and DPE (11 mg, 0.06 mmol) were added
in this order to a solution of 4 (2 mg, 3 mmol, 5.0 mol %) in [D8]THF
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(0.6 mL). The conversion was monitored by in situ 1H NMR spectrosco-
py.

Catalytic Methanolysis of Silanes with 4

PhMeSiH2 (41 mL, 0.3 mmol) and methanol (25 mL, 0.615 mmol) were
added in this order by means of a microliter syringe to a solution of 4
(1 mg, 3 mmol, 0.5 mol %) in [D8]THF (0.6 mL), resulting in the rapid
evolution of hydrogen gas and in the formation of the cross-dehydrocou-
pled product. The reaction mixture was monitored by 1H NMR spectros-
copy, which showed complete conversion to PhMeSi ACHTUNGTRENNUNG(OMe)2 within
10 min. In an analogous fashion, the reaction of PhSiH3 (37 mL,
0.3 mmol) with methanol (43 mL, 1.05 mmol) or Ph2SiH2 (56 mL,
0.3 mmol) with methanol (25 mL, 0.615 mmol) gave hydrogen and PhSi-ACHTUNGTRENNUNG(OMe)3 or Ph2Si ACHTUNGTRENNUNG(OMe)2, respectively, within 10 min.

Crystallography

X-ray crystallography data were collected on a Bruker CCD area-detec-
tor diffractometer with MoKa radiation (monolayer optics, l=0.71073 �)
by using w scans.[26a] The SMART program package was used for the
data collection and unit cell determination; processing of the raw frame
data was performed by using SAINT; absorption corrections were ap-
plied with SADABS.[26b] The structures were solved by direct methods
and refined against F2 by using all reflections with SHELXL-97, as imple-
mented in the WinGX program system.[26c–e] Non-hydrogen atoms were
refined anisotropically and hydrogen atoms were included with idealized
geometries. Only the hydrogen atoms of the CH unit between the imida-
zolidine rings (H15 in 2, H8 in 3 and 4, H9 in 5, and H8 in 7), the for-
mate (H1 in 5) and the formamidinate (H16 in 7), as well as the hydride
(H1 in 4) were refined in their position. Crystallographic and refinement
data for compounds 2, 3, 4, 5, and 7 is given in Table 2.

CCDC 930532 (2), 930533 (3), 930534 (4), 930535 (5), and 930536 (7)
contain the supplementary crystallographic data for this paper. These
data can be obtained free of charge from the Cambridge Crystallographic
Data Center via www.ccdc.cam.ac.uk/data_request/cif.
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