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Summary

The crystal structure of o-(Me,NCH, )C,;H,GeMePhCl has been determined
by single crystal X-ray diffraction study. The germanium atom has a distorted
trigonal-bipyramidal (T.B.P.) geometry. The low temperature '’F NMR spectra
of o-{Me,NCH, )C,H,SiMeF, and o{Me,NCH, )C:H,SiF; are also consistent
with a T.B.P. geometry. The stability of the T.B.P. structure is not determined
by the apicophilicity of the fluorine atoms.

Recently, we have reported that an internal coordination previously ob-
served with Sn derivatives was also possible for monofunctional silanes, as in

1 [1].
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(1, X = functional group }

The extent of intramolecular Si—N coordination is determined by the ease
with which the Si—X bond can be stretched and replaced with inversion of
configuration.
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Pentacoordination ability
X:H, OR< F, SR < OAgc, Cl, Br

S, §

Stereochemistry
Retention inversion
_.._)
The order observed is not related to the electronegativity of X, and is very dif-
ferent from the order of apicophilicity of X in pentacoordinated phosphorus
compounds [2]. Thus it was important to know whether the geometry of
pentacoordinated silicon compounds was close to the trigonal bipyramid (T.B.F
commonly observed for pentacoordinated phosphorus compounds.

Fig. 1. A view of the structure of chlorogermane 2 with the two slightly different conformations. Main
bond lengths are: Ge—Cl 2.327(5), Ge'—Cl' 2.301(4), Ge—N 2.479(11), Ge'—N’ 2.508(11) A Selectedc
bond angles are: CI—Ge—N 174.0(2), CI'—Ge'—N’ 173.8(3), N—Ge—C,, 77.3(4), N—Ge'—C’,; 76.6(4) .

An X-ray investigation of chlorogermane 2 shows that the germanium atom
has a distorted trigonal bipyramidal geometry (Fig. 1) similar to that in the
pentacoordinated tin compound 3a studied by Van Koten [3].

Crystal data. C,sH,,CINGe, M 334.4, monoclinic, @ = 7.540(2), b =
33.461(4), ¢ = 12.876(1) &, § = 96.56(1)°, U = 3227.2 A3, Z =8, D, =
1.376 g em ™3, Dy, = 1.371(8) g cm —3; graphite monochromated Cu-K, radia-
tion, A = 1.5418 A, u(Cu—K,) = 89.9 cm™?; space group P2,/n. The CI and
Ge atoms were located by direct methods and the remaining non-hydrogen
atoms from a subsequent electron density-difference synthesis. The structure
was refined by full matrix least-squares using 2546 observed [I > 40(f)] in-
tensities out of a total 5231 measured, to a current R value of 0.10.
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. R = 1-Np; T = ~35°C;: AG* = -12.3 T, = —28°C 2, B =oh) {31
b,R=H: T,=-40°C:AG*=-12.3 G*=-13 - BB = MeiTe = 30°C [4]
c = temperature of coalescence, AG* in keal mol ™!
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The asymmetric unit consists of two crystallographically non-equivalent
molecules, with closely related conformations.

An X-ray investigation of halogenosilanes 1 was not possible because they
are liquids at room temperature. However, we can assume a T.B.P. geometry
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similar. The formation of an intramolecular metal—N bond induces diastere-
otopy of the two Me groups. The values of AG* are very similar for com-

pounds 1 and 2.
In order to confirm these results the !°F NMR spectra of fluorosilanes 4

and 5 have been examined and the data are summarized in Fig. 2.

T=-95°C

Fig. 2. The '?F NMR spectrum of 4 and 5 in CD.Cl, (recorded on a Varian EM 390 spectrometer at
84.67 MHz). Chemical shifts were measured relative to internal CFCl,. Negative values are to high fields.

The low temperature spectra of 4 in non-polar media display two lines of
relative intensities 1 and 1 (F,,6 = —111 ppm; Fe,6 = —154 ppm). Under the
same conditions the 'F NMR spectrum of 5 consists of a triplet and a
doublet of relative intensities 1 and 2 (F,,6 = —128 ppm; Fo. = —148 ppm) in
good agreement with T.B.P. geometry, involving two equatorial and none
apical F atoms.

As for pentacoordinated phosphorus compounds, the apical fluorine signal
is downfield and the equatorial one at high field [5].

These results confirm the generality of the trigonal bipyramid as the geo-
metry of pentacoordinated compounds of Si, Ge, and Sn. Furthermore the '°F
NMR spectra of 4 and 5 show that the stability of the T.B.P. structure is not
determined by the electronegativity of the F atoms, since in 4 and 5 one and
two F atoms, respectively, are in equatorial positions.
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