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Bis[bis(trimethylsilyl)amino)]germylene (1) reacts with bromocyanogen to give
bis[bis(trimethylsilyl)amino]bromocyanogermane (2 ). 2 crystallises from petroleum ether as
a colourless solid which has been characterised by IR, H,I3 C, 29Si NMR spectroscopy, ele
mental analysis and X-ray diffractometry.

1. Introduction

Divalent germanium compounds have been
the subject of many recent research publica
tions [1, 2]. Insertion reactions of germylenes
into the carbon-halogen bond in several halogenated compounds have been studied in de
tail only for dihalo-, or organohalogermylenes
[11 and for Me2Ge [3]. Some reactions of this
type for stable RR'Ge species, e.g. R = R' =
(Me3Si)2CH [4]; R = 2,4,6-'Pr3C6H2, R’ = 2,4,6[(Me3Si)2CH]3CöH2[5] and for a new bisgermylene
4 - [(Me3Si)2NGeN(SiMe3)]C6H4[(Me3Si)NGeN(SiMe3)2] [61) have also been described. To the best
of our knowledge, there have been no reports in
the literature on the reaction of germylenes with
cyanogen halides. We describe here the reaction
of bis[bis(trimethylsilyl)amino]germylene (1) with
bromocyanogen.
2. Results and D iscussion

The reaction of [(Me3Si)2N]2Ge (1) with BrCN
affords under mild conditions (at -78°C) a simple
oxidative addition product, viz. the germyl cyanide
2, in quantitative yield:
BrC=N

+

[(Me3Si)2NbGe — - ° -

THF

»

[(Me3Si)2N]2Ge(Br)CN

1

2

The structure of 2 was confirmed by NMR and IR
spectroscopic data. The IR spectrum of 2 exhibits an
absorption band at 2184 cm - 1, typical for a cyanide
group at a germanium centre RR'Ge(CN)2 (R,R' =
Alk, Ar) [7]. The resonance signal for the carbon
atom of the CN group in the l3C NMR spectrum of
2 occurs at 125.5 ppm, which is in accord with the
data reported for other germylcyanides [7].
In the above reaction a change of the oxidation
state of the germanium atom from formally +2 for
1 to +4 in the final product 2 is observed.
There are several possible pathways for the for
mation of 2 since there are two reaction centres in
the molecule of bromocyanogen, viz. the halogencarbon bond and the carbon-nitrogen triple bond.
This reaction may be regarded as an insertion of 1
into the carbon-halogen bond, as postulated in the
literature for the reaction of germylenes and their
heavier congeners with halogenated compounds.
Two different reaction mechanisms were discussed
[2, 3, 9]. The first is a concerted one; the insertion
occurs in a single step without further reaction in
termediates via a three-centred transition state.
The second is a non-concerted one and presuma
bly involves a two-step reaction via an abstractionrecombination process. We also cannot exclude a
pathway which includes the transient formation of
an azagermyrene type intermediate 3 via a [2+1]
cycloaddition:
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Table I. Crystal data and structure refinement for 2.
[(MeaSifeNfeGejj
L
3

-I

Migration of bromine and subsequent Ge-N bond
cleavage eventually lead to the final cyanide deriva
tive 2. A similar reaction mechanism has been pos
tulated by Jutzi et al. [10] for the reaction of decamethylsilicocene with BrCN.
As compound 2 possesses a unique combination
of one cyanide group and a halide substituent, we
undertook an X-ray crystal structure investigation.
A molecule of 2 is shown in Fig. 1; important geo
metrical parameters are given in Table II.
Cyanide derivatives of organogermanium com
pounds have only scarcely been characterised by Xray diffractometry [11, 12]. For compounds bearing
non-bulky substituents at the germanium atom intermolecular interactions between the nitrogen atom
of the cyanide group and the germanium atom of a
neighbouring molecule were found [11, 12]. In our
case, we expected a monomeric structure which was
confirmed by X-ray diffractometry. The germanium
atom adopts a distorted tetrahedral geometry. The
value of the angle N (l)G e(l)N (lA ) of 119.5(1)°
is consistent with a repulsive interaction between
the sterically demanding (MejSi^N groups. In con
trast, the angle C(01A)Ge(l)Br(l) of 99.8(9)° is in
dicative of a higher “s” character of the germanium
orbitals involved. An analogous situation was also
observed for the heavier congeners, e.g. Tbt2PbBr2
(Tbt = 2,4,6-tris[bis(trimethylsilyl)methyl]phenyl),
with the BrPbBr angle at 95.29(7)° [9b]. The
Ge-N bond lengths of 1.813(2) A are in full
agreement with other germanium compounds hav
ing trimethylsilyl substituted amido functionalities
[14], The sum of angles at the nitrogen atom is
357.4(1)°. A similar structure was observed for ar
senic bis(trimethylsilyl)amides [13]. The distance
Ge(l)-C(01) of 1.87(2) A is somewhat shorter than
that reported in germanium cyanides (1.94 - 1.98 A)
[11, 12]. The Ge-Br bond length (2.343(1) A) is in
the normal range, as documented for other germa
nium bromides [14]. The bromine and C=N sub
stituents are disordered with occupational factors
of 50% with respect to the crystallographic mirror
plane. Although the uncertainty of the geometrical
and thermal displacement parameters of the C=N

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group
Unit cell dimensions

Volume
Density (calculated)
Absorption coefficient
F(000)
Crystal size
0-Range for data collection
Index ranges
Reflections coll. / unique
Absorption correction
Refinement method
Data / parameters
Goodness-of-fit on F 2
Final R indices [I > 2cr(I)]
R Indices (all data)
Extinction coefficient
Largest diff. peak and hole

CnHv>BrGeN 3 Si4
499.31
223(2)K
0.71073 Ä
Monoclinic
C2/c, Z = 4
a= 16.762(2) Ä
b = 8.6663(12) Ä
c = 18.279(2) A
a = 90°
ß = 110.43(1)°
7 = 90°
2488.2(6) A 3
1.333 g/cm 3
3.030 mm " 1
1032
0.35 x 0.28 x 0.22 mm
2.38 to 25.49 deg.
-1 < h < 2 0 ,
- 1 0 < k < 1,
-2 2 < / < 21
2457/ 1872
[R(inl) = 0.0221]
»/'-scans
Full-matrix least-squares
on F 2
1872/ 115
1.062
/?, = 0.0272
w/?2 = 0.0647
/?, =0.0332
WR2 = 0.0674
0.0Ö119(15)
0.290 and -0.356 e A " 3

moiety does not allow an unambiguous assignment
of the CN to the cyanide versus the isocyanide sub
stituent, the correct description of the CN group to
be a cyanide ligand is evident from IR and NMR
spectroscopic data (vide infra). Furthermore, Brit
ton et al. also took these possibilities into consider
ation and found the cyanide bonding mode favoured
over the isomeric isocyanide [11, 12]. Compound 2
is a rare example of a functionalised germane bear
ing amido, halo and cyano functionalities in one
molecule.
3. Experimental
Solvents were dried by standard methods and distilled
prior to use. NMR spectra were recorded at 25°C on
Bruker AC300 and Bruker AMX500 spectrometers (at
300, 75.3 and 99.4 MHz for 'H, ,3C and 29Si nuclei, re
spectively) in C D C I 3, using the protio impurity of the
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Table II. Selected bond lengths [A] and angles [°] for 2.
C (01)-N (01)
Br( l)-G e (l)
G e (l)-N (l)
G e(l)-N (1A )
G e(l)-C (01A )
G e (l)-B r(l A)
Si( 1)-N( 1)
N (l)-S i(2)
N (01)-C (01)-G e(l)

1.220(18)
2.3435(15)
1.813(2)
1.813(2)
1.878(18)
2.3434(15)
1.777(2)
1.772(2)
175(3)

C(01 A )-G e(l)-B r(l)
N (l)-G e (l)-N (l A)
N (l)-G e(l)-C (01 A)
N( 1A)-Ge( 1)-C (01A)
N (l)-G e (l)-B r(l)
N(1 A )-G e(l)-B r(l)
Si(2)-N( 1)-Si( 1)
Si(2 )-N (l)-G e(l)
S i(l)-N (l)-G e (l)

99.8(9)
119.53(13)
104.9(9)
112.7(9)
111.53(8)
106.74(8)
120.22(11)
117.75(11)
119.46(12)

C(12A)
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(1.02g, 2.59 mmol) in 10 ml THF at -78°C under argon,
the orange colour of 1 disappeared. The reaction mix
ture was allowed to warm slowly to room temperature.
After removal of all volatiles in vacuo, the quantitative
formation of the germyl cyanide 2 was confirmed by
'H and l3C NMR spectroscopy. After recrystallisation
from petroleum ether at -30°C, 2 was obtained as colour
less, well shaped crystals 0.62g (50%); m.p. 78-79°C.
'H NMR (CDC13, 300.13 MHz): 6 0.36 (s, Me3 Si); ,3C
{‘H} NMR (CDC13, 75 MHz): 6 5.08(Me3Si), 125.51
(CN); 29Si {'H} NMR (THF-dg, 99.36 MHz): 6 9.02. IR
(«-hexane): v (C=N ) 2184 cm- 1.
C l3H36BrGeN3Si4 (499.31)
Calcd C 31.27 H 7.27 N 8.42%,
Found C 31.08 H 7.45 N 8.24%.

C(13A)
CI11A)
C(22A)

X-ray structure determination o f 2

CI21A)

N(01A)

Fig. 1. View of a molecule of 2. Thermal displacement
ellipsoids are scaled to the 50% probability level.
solvent as the reference for 'H NMR spectra and the l3C
resonance as the reference for l3C NMR spectra. In the
29Si NMR experiments Me4 Si was used as external stan
dard. Solution (n-hexane) IR spectra were obtained using
a Nicolet 501 FT-IR instrument. Elemental analysis was
performed by the analytical division of the Fachbereich
Chemie der Philipps-Universität Marburg. The starting
germylene 1 was obtained by a modified procedure [8 ].

A crystal with the dimensions 0.35 x 0.28 x 0.22
mm was mounted onto a glass capillary and investi
gated on a Siemens P4 four-circle diffractometer at -50°C.
The data were corrected for Lorentz and polarisation ef
fects. The structure was solved by direct methods us
ing the SHELXS-97 programme [15] and refined by full
matrix least-squares against F 2 with SHELXL-97 [16],
Anisotropic thermal displacement parameters were re
fined for all non-hydrogen atoms. The hydrogen atoms
were placed on calculated positions and refined using a
riding model with U jSO( H ) = 1.5 Ueq(C). The position of
the cyanide group and that of the bromine substituent
were found to be systematically disordered, both occupy
ing 50% of the site with respect to the crystallographic
mirror plane. Crystal data and details of the structure
determination are summarised in Table I. Additional in
formation on the crystal structure determination may be
obtained from the Fachinformationszentrum Karlsruhe
GmbH, D-76344 Eggenstein-Leopoldshafen, Germany,
on quoting the registration number CSD-407751.
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