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ABSTRACT: The thermally highly unstable tetrahy-
drofuran solvate of germanium(Il) dichloride
(GeCl, - 2THF) was crystallized, and its crystal struc-
ture was determined. It consists of a chain of GeCl,
units connected by secondary Cl---Ge contacts
[3.846(2) A] in which each Ge atom is coordi-
nated to two molecules of THF. Two weak hydrogen
bonds of the C—H ---Cl—Ge type in GeCl, -2THF
were also detected both with lengths of 2.90(3)
A. © 2005 Wiley Periodicals, Inc. Heteroatom Chem
16:361-363, 2005; Published online in Wiley InterScience
(www.interscience.wiley.com). DOI 10.1002/hc.20105

INTRODUCTION

Dicoordinated germylenes are very sensitive to air
and moisture, whereas the adduct of germanium
dichloride with 1,4-dioxane is quite stable under in-
ert gas environments at ambient conditions and even
can be handled in air for a brief period of time [1-4].
Thus GeCl, - 2Dioxane became one of the most fa-
vorite starting compound for the synthesis of other
divalent germanium species. The GeCl, - 2Dioxane
adduct can be easily dissolved in donor solvents such
as NEt; [5], especially in ethers such as 1,4-dioxane,
Et,0, and THF. With regard to this high solubility, the
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knowledge of the species present in solution is desir-
able for their preparative application. Earlier inves-
tigations have established the structure of a germa-
nium dichloride solvate with 1,4-dioxane [4,6,7], in
which the Ge atoms located at the center of a pseudo-
octahedron formed by two oxygen atoms and four
chlorine atoms (two covalent Ge—Cl bonds and two
secondary Ge --- Cl bonds). To our knowledge, the
THF solvate of GeCl, has not been reported so far.

RESULTS AND DISCUSSION

We got hold of a crystal of GeCl,-2THF first dur-
ing our attempts to react GeCl, - 2Dioxane with for-
mamidinium chloride [(Me,N),CH]CIl in THF to give
compounds of the type (R,N),CHMCI; (M = Ge, Sn)
[8]. The unreacted GeCl, formed a solvated adduct
with THF solvent molecules. During the crystalliza-
tion at —78°C, a colorless crystalline material was
formed. It turned out to be unstable and visibly de-
composed with gas evolution at temperatures higher
than —30°C. This adduct could be resynthesized by
directly dissolving GeCl, - 2Dioxane in THF. We man-
aged to mount such a crystal under an inert perflu-
oropolyether and to transfer it to the diffractometer
under permanent cooling, and thus were able to de-
termine its crystal structure.

Molecules of GeCl, - 2THF are present as chain
polymers in the monoclinic crystals with the space
group P2,/c. The structure and the cell components
are shown in Figs. 1 and 2, respectively; Table 1 gives
the selected bond lengths and angles. No crystallo-
graphic symmetry is imposed on the GeCl, - 2THF
unit. In this respect, GeCl,-2THF and its diox-
ane analogue GeCl,-2Dioxane behave differently.
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FIGURE 1 Crystal structure of the chain aggregation for 1
(ORTEP drawing with 50% probability ellipsoids). The open
drawn bond represents the Ge - - - Cl secondary interaction,
the dashed bonds represent secondary Ge --- O contacts.
Hydrogen atoms are omitted for clarity.

The latter crystallizes also in the monoclinic crystal
system, but with space group C2/c and the molecules
obey crystallographic C, symmetry [4]. This makes
the skeleton of GeCl, - 2Dioxane more regular than
that of GeCl, - 2THF.

The Ge atom in GeCl,-2THF unit is [2 + 3]
coordinate by two covalent Ge—Cl bonds and three
dative bonds: one Ge --- Cl bond to a Cl atom from
a neighbour GeCl, unit and two Ge - -- O secondary
bonds with oxygen atoms from two THF molecules.
The GeCl,-2THF units aggregate as a polymer
with a chain structure build up by the Ge --- Cl
interactions, while in the (2+44) coordination
environment of Ge atom in GeCl,-2Dioxane an
additional Ge --- Cl bond is involved [4]. In the

C

FIGURE 2 The cell contents of 1 projected on (010) (ORTEP
drawing with 50% probability ellipsoids). Only the front half of
the components is depicted for clarity.

TABLE 1 Selected Bond Lengths A and Angles of
GeCly - 2THF (°)

Ge—CH 2.442 (2) ClH—Ge—0O1 84.9 (7)
Ge—CI2 2.438 (2) Cl1—Ge—-02 85.2 (7)
Ge --- Cl2 3.846 (2) Cl2—Ge—0O1 84.0 (7)
Ge --- O1 2.410 (2) Cl2—Ge—02 85.2 (7)
Ge--- 02 2.459 (2) 01-Ge-02 163.1 (7)
Cl1—Ge—ClI2 95.1 (1) Ge—Cl2—Ge’ 104.4 (7)

latter case, there are two aggregation connections:
besides the chain structure of GeCl, units connected
by two-coordinate Cl atoms, infinite [O(CH,CH,),0
- GeCl,], chains exit caused by two dative bonds
from the oxygen atoms in one dioxane molecule.
They are almost vertical to each other [4]. Ex-
pectedly, the Cl1—Ge—Cl2 angle in GeCl, -2THF
at 95.1(1)° is larger than that in GeCl, - 2Dioxane
at 94.30(2)°. Both Ge—Cl ponds in GeCl, -2THF
[2.438(2) and 2.442(2) A] and the Ge:---O
bonds [2.410(2) and 2.459(2) A] are slightly longer
than the corresponding values in GeCl, - 2Dioxane
[Ge—Cl 2. 281(1)A the shortest Ge - - - O at2.399(1) A]
[4]. The secondary Ge --- Cl bond has a length of
3.846(2) A, which is reasonably less than the
van der Waals distance of 3.90 A [reyvaw = 1.75 A9,
rGevaw = 2.15 A [16]], but almost 0.4 A longer than
the Ge --- Cl length in GeCl, - 2Dioxane at 3.463(1)
A. The 01 —Ge—02 angle in GeCl, - 2THF has a value
of 163.1(7)° and is more than 10° smaller than the
same angle in GeCl, - 2Dioxane at 173.1(1)° [4].
There are two further contacts detected in
GeCl, - 2THF, which can be classified as weak hy-
drogen bonds of the C—H - - - CI—Ge type, both with

cH

FIGURE 3 View of the secondary hydrogen bonds in
GeCl, - 2THF (ORTEP drawing with 50% probability ellip-
soids). Weak contacts between H and Cl atom are repre-
sented as dashed lines.
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TABLE 2 Crystal and Refinement Data of GeCl, - 2THF

Crystal system Monoclinic
Space group P2¢/c
a(A) 8.463 (2)
b(A) 9.891 (2)
c(A) 14.733 (3)
5(°) 105.23 (1)
V(A% 1189.9 (4)
Peale (9 cMm~3) 1.606

Z 4
u(mm~1) 2.993
Temp. (K) 123 (2)

Trin/max 0.3959/0.8648
20max (°) 60.04

Measd. refl. 13090

Unique refl. 3438
Observed refl 3091

Rint 0.0417
Parameters 118

0.0849/0.1972
—-1.615/2.072
252126

R/ >25(1)]/wR?
pin (Min/max) (eA3)
CCDC-no.

lengths of 2.90(3) A (Fig. 3). As these hydrogen bonds
are long-range interactions, the acceptor can attract
more than one hydrogen atom simultaneously [11].
Their values fit quite well in the range of weak hydro-
gen bond lengths reported, C—H - - - Cl—Ge 2.81(2)-
2.87(2)A[8,12]and C—H --- CI-Sn 2.78-2.90 A [13].

EXPERIMENTAL

All manipulations were carried out under a dry ni-
trogen atmosphere with Schlenk techniques using
standard double manifolds. THF was distilled and
dried over K/Na alloy. A Bruker Apex X-ray diffrac-
tometer (A = 0.71073 A) was used to collect the scat-
tering intensities for single crystal structure determi-
nation. GeCl, - 2Dioxane was prepared by a literature
method [14].

Preparation of GeCl, - 2THF

50 mL THF was added to GeCl, -2Dioxane (0.3 g,
1.0 mmol) in one portion at ambient temperature
and refluxed for 60 min. The obtained clear solution
was slowly cooled down to —78°C. After storage at
this temperature for 3 days, the colourless crystalline
material GeCl, - 2THF was formed.

Crystal Structure Analysis

A single crystal of GeCl, - 2THF was mounted under
inert perfluoropolyether at the tip of a glass fibre
and was cooled in the cryostream of the diffrac-
tometer. Absorption corrections were applied us-
ing the program SADABS [15]. Structure solutions
were carried out using direct methods, and the re-
finements of the structures were undertaken with
the program SHELXTL 5.01 [16]. Non-hydrogen
atoms were refined with anisotropic thermal dis-
placement parameters, and hydrogen atoms isotrop-
ically with a riding model. Further details of data
collection and refinement are listed in Table 2. Crys-
tallographic data (excluding structure factors) for

the structures reported in this paper have been de-
posited with the Cambridge Crystallographic Data
Centre as supplementary publications (see Table 2).
Copies of the data can be obtained free of charge
on application to CCDC, 12 Union Road, Cambridge
CB2 1EZ, UK [fax: (+44)1223-336-033; email:
deposit@ccdc.cam.ac.uk].

REFERENCES

[1] Mironov, V. F. Main Group Met Chem 1989, 7, 355.

[2] Neumann, W. P. Chem Rev 1991, 91, 311.

[3] Jutzi, P.; Schmidt, H.; Neumann, B.; Stammler, H.-G.
Organometallics 1996, 15, 741.

[4] Denk, M. K.; Khan, M.; Lough, A. J.; Shuchi, K. Acta
Crystallogr, Sect C: Cryst Struct Commun 1998, 54,
1830.

[5] Nefedov, O. M.; Kolesnikov, S. P.; Rogozhin, I. S. Izv
Akad Nauk SSSR, Ser Khim 1973, 12, 2824.

[6] Kulishov, V.1.; Bokii, N. G.; Struchkov, Yu. T.; Nefedov,
0. M.; Kolesnikov, S. P.; Per'mutter, B. M. Zh Strukt
Khim 1970, 11, 71.

[7] Marsh, R. E. Acta Crystallogr, Sect B: Struct Sci 1997,
53, 317.

[8] Tian, X.; Pape, T.; Mitzel, N. W. Z Naturforsch, B:
Chem Sci 2004, 59, 1524.

[9] Emsley, J. The Elements; 2nd ed.; Clarendon Press:
Oxford, 1991.

[10] Said, R. B.; Hussein, K.; Tangour, B.; Sabo-Etienne,
S.; Barthelat, J.-C. New J Chem 2003, 27, 1385.

[11] Desiraju, G. R.; Steiner, T. The Weak Hydrogen Bond
in Structural Chemistry and Biology, IUCr Mono-
graphs on Crystallography, Vol. 9; Oxford University
Press: Oxford, 2001.

[12] Kociok-Kohn, G.; Winter, J. G.; Filippou, A. C. Acta
Crystallogr, Sect C: Cryst Struct Commun 1999, 55,
351.

[13] Miiller, U.; Mronga, N.; Schumacher, C.; Dehnicke, K.
Z Naturforsch, B: Chem Sci 1982, 37, 1122.

[14] Werner, S.; Ullrich, J.; Dieter, S. Chem Ber 1994, 127,
2013.

[15] SADABS, Area-Detector Absorption Correction,
Siemens Industrial Automation Inc., Madison, WI,
1996.

[16] SHELXTL 5.01, Siemens Analytical X-Ray Instru-
mentation Inc., Madison, WI, 1995.



