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The reaction of LGeCl [1; L = CH{(CMe)(2,6-Pr,CsH3N)}2] with
1,3-di-tert-butylimidazol-2-ylidene results in the formation of the
germylene L'Ge [2; L’ = CH{(C=CH,)(CMe)(2,6-Pr;C¢HsN)2}]. 2
reacts with ammonia under N—H cleavage to give LGeNH, (3).
This type of reaction can also be used to activate primary amines.
3 is characterized by microanalysis, multinuclear NMR spectros-
copy, and X-ray structural analysis. The single-crystal X-ray
structural analysis indicates 3 to be a monomer, and the germanium
atom shows a trigonal-pyramidal environment with a stereochemi-
cally active lone pair.

In recent years, we have been interested in the synthesis
of low-valent germanium compounds and reported on the
preparation and structural characterization of LGeCl,' LGeF,?
LGeOH,? and LGeH* [L = CH{(CMe)(2,6-"Pr,CsH;N)},].
These small reactive molecules are ideal precursors for the
preparation of heterometallic germylenes, which are active
catalysts in olefin polymerization reactions.’ One important
missing species in this series is LGeNH,. To date, there is
only one example known of a stable germanium(Il) amide
featuring the parent NH, group.® A conventional route for
the preparation of GeNH,-containing compounds is the
ammonolysis of the corresponding halide.” Therefore, it was
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Scheme 1. Preparation of 2
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expected that the reaction of LGeCl with an excess of
ammonia leads to the product LGeNH,. However, in a broad
temperature range (—40 to +25 °C), the starting material
does not react with ammonia. From our previous experience
for the preparation of LGeOH? and LAl(NHg)z8 using LGeCl
and LAICl,, respectively, we employed N-heterocyclic
carbenes (NHCs) as HCI acceptors. Herein we follow the
route for the preparation of LGeNH, from LGeCl, NHj3, and
NHC.

A toluene solution of 1 equiv of LGeCl and 1 equiv of
1,3-di-tert-butylimidazol-2-ylidene” under stirring immedi-
ately changed the color from yellow to brown-red after a
few minutes, and a white precipitate is formed'®* (Scheme
1). There was no reaction when a solution of 1 equiv of
LGeCl and 1 equiv of 1,3-bis(2,4,6-trimethylphenyl)imida-
zol-2-ylidene was used.

The insoluble white precipitate was identified as 1,3-di-
tert-butylimidazolium chloride and the soluble part as the
germylene 2, which was confirmed by NMR spectroscopy
and compared to a previously reported sample.!" We
postulate that the reaction proceeds via cleavage of a C—H
methyl bond and formation of the C—H carbonium ion
(Scheme 1). This type of C—H cleavage reaction was
reported for nucleophilic carbenes.'? The proof for C—H
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bond cleavage at the backbone methyl group of 1 by 1,3-
di-tert-butylimidazol-2-ylidene is shown by the formation
of 2 and the elimination of HCIl under isolation of 1,3-di-
tert-butylimidazolium chloride. The previously reported
germylene 2 was formed by the reaction of 1 with LiN-
(SiMes),. Similar deprotonation reactions at the backbone
have been observed for the borane-stabilized germylene
hydride,? the tautomerization of a iminogermane bearing the
B-diketiminato ligand,'? a cyclodiazaborane analogue,'* and
related calcium complexes.'® This is so far a unique example
where the deprotonation reaction at the backbone has been
demonstrated using 1,3-di-fert-butylimidazol-2-ylidene.
Activation of the ammonia molecule has attracted con-
siderable interest over the years. Although ammonia usually
forms simple Lewis acid—base adducts with transition-metal
complexes, there is also some N—H activation of ammonia
via transition-metal complexes known.'®!'” In contrast to
these studies, the corresponding chemistry of stable main-
group molecular compounds for activation of ammonia is
virtually nonexistent. In 2007, the first example of ammonia
splitting was reported by Bertrand and co-workers using
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Figure 1. Anisotropic displacement parameters, depicted at the 50%
probability level of 3. Hydrogen atoms, except those vital at the nitrogen
atom N3, are omitted for clarity. Selected bond lengths [A] and angles [deg]:
Gel—N3 1.845(2), Gel —N1 2.030(2), Gel —N2 2.030(2); N1—Gel—N2
88.60(8), N3—Gel—N1 95.52(10), N3—Gel—N2 95.55(10).

Scheme 2. Preparation of 3
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stable carbenes.'® Very recently, Power and co-workers
reported the activation of ammonia by the heavier group 14
element carbene analogue SnAr, [Ar = C¢H;3-2,6(C¢H;3-2,6-
Pr,),],'? and Stephan and co-workers reported the activation
of amine by a frustrated Lewis pair.*°

Herein we show the N—H cleavage of ammonia by
employing L'Ge [2; L” = CH{(C=CH,)(CMe)(2,6-
Pr,CsH3N)},], which generates at mild conditions a terminal
GeNH, group (Scheme 2).'%® The addition of an excess of
dry ammonia gas to a red solution of 2 in toluene leads to a
rapid change of the color to orange. The solution was
evaporated and extracted with n-hexane. Concentration of
the solution yielded yellow crystals of LGeNH, (3). X-ray
crystal structure analysis afforded a monomeric structure,
as illustrated in Figure 1.*' Surprisingly, 3 is monomeric in
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the solid state, and what is even more striking is that the
NH, group is not involved in any kind of hydrogen bonding,
as shown by X-ray structural analysis and IR spectroscopy.

The IR spectrum displays two weak sharp bands at 3431
and 3333 cm ™! that are attributed to the two N—H stretching
modes of the NH, group. These wavenumbers are close to
those at 3380 and 3308 cm ™! observed for (Ar*GeNH,), [Ar*
= C¢H;-2,6-(Ce¢Hi-2,6-Pr,)].°

In summary, we have shown that 1,3-di-fert-butylimidazol-
2-ylidene cleaves the C—H bond of a methyl group of 1 and
leads to the formation of the carbene analogue germylene 2.
Compound 2 reacts quantitatively with ammonia at room
temperature under N—H bond cleavage and oxidative addi-
tion to 3, demonstrating an example of sustainable chemistry.
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1,3-Di-tert-butylimidazolium chloride can be converted to
the starting material using a strong base. Preliminary studies
of 2 with 2,6-Pr,CsH3;NH, show the complete conversion
of 2 and afford LGeN(H)-2,6-Pr,CsH;. Other N—H and P—H
cleavage reactions according to this route should be possible.
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