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Abstract

The organogermanium complex of ytterbium [(Ph,Ge),Yb(THF),]- 4THF (1) was synthesized by the reaction of metallic
ytterbium with Ph,GeCl, in THF at room temperature. X-ray study has shown that the molecule of (Ph,Ge),Yb(THF), is an
octahedral Yb complex with the C, symmetry. The four coordination positions at the Yb atom are occupied by the oxygen atoms
of THF molecules and the two cis-positions are occupied by two terminal germanium atoms of the Ph,Ge-GePh,-GePh,-GePh,
fragment. Thus, the (Ph,Ge),Yb(THF), molecule involves the five-membered Ge,Yb metallocycle with a twist conformatlon
The Yb-Ge and Yb-O distances are 3.104(2) and 2.475(8), 2.402(10) A.
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In the course of our study of reactions of metallic
lanthanoids with organosilicon, -germanium and -tin
chlorides R (ECl,_, (E = Si, Ge, Sn; R =Me, Ph; n=
1-3) we found that these reactions can be used as a
synthetic route to organosilicon, -germanium and -tin
derivatives of lanthanoids. This approach allowed to
synthesize and structurally characterize complexes con-
taining the direct Ln-E bonds: (Ph;E),Yb(THF), (E =
Si, Ge, Sn) [1-3], [(Me;Sn);Sn],Ln(THF), (Ln = Sm,
Yb) [4], and the ionic compound [(Ph;Sn),Sn];-
[(DME),Yb(u-CD),Yb(DME),** [1]. Only a few com-
pounds with the direct Ln-Ge bond are known:
(Ph;Ge);Ln (Ln = Nd, Gd, Er) [5], Cp,ErGePh;, [5],
[Li(DME), {(CsH;),Sm},Ge(CH 3),] [6], (Ph;Ge),Yb-
(THF), [3]. The complex (Ph,Ge),Yb(THF), is the
only compound with the Ln-Ge bond whose structure
was confirmed by the X-ray diffraction method [3].
Here we report the synthesis and crystal structure of
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the first organogermanium metallocyclic complex of
lanthanoids 1

Complex 1 was formed in the reaction of metallic
Yb with Ph,GeCl, in THF at room temperature for
ca. 170 h [7].
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The course of the reaction was monitored by measur-
ing ytterbium content in the reaction solution. Com-
plex 1 was isolated in 48.9% vyield as unstable in air
light-brown crystals, soluble in THF, DME, sparingly
soluble in benzene, insoluble in hexane. It melts with
decomposition at 168-170°C. The IR spectrum of 1
shows the absorption bands of Ph—Ge fragments (1020,
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750, 690, 450 cm 1), coordinated (860 cm ') and sol-
vated (1070 cm ') THF molecules.

It is interesting to note that the reaction of Yb with
Ph,SnCl, does not lead to derivatives with Sn-Yb
bonds but gives ionic complex consisting of isolated
[(DME),Yb(u-C1),Yb(DME),** cation and pyramidal
anions [(Ph;Sn);Sn]~ [1].

The molecule structure of (Ph,Ge),Yb(THF), deter-
mined by the X-ray diffraction study [8] is shown in
Fig. 1. The symmetry of the (Ph,Ge),Yb(THF),
molecule is C,. The Yb(1) atom and the middle point
of the Ge(2)-Ge(2a) bond are on the two-fold axis.
(Besides the main molecule the crystal of 1 contains
also two symmetrically independent solvating THF
molecules). The Yb and Ge atoms have a distorted
octahedral and tetrahedral environment, respectively.
The four coordination positions at the Yb atom are
occupied by the oxygen atoms of THF molecules and
the two cis-positions are occupied by two terminal
germanium atoms of the Ph,Ge-GePh,-GePh,-
GePh, fragment. Thus, the (Ph,Ge),Yb(THF),
molecules involves the five-membered Ge,Yb metallo-
cycle having a twist conformation. The deviations of
the Ge(2) and Ge(2a) atoms from the Yb(1)Ge(1)-
Ge(l1a) plane are equal to 0.18 and —0.18 A, respec-
tively. The torsion angles in this cycle are Yb(1)Ge(1)-
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Ge(2)Ge(2a) 25.4°, Ge(1)Ge(2)-Ge(2a)Ge(la) —30.3°,
Ge(2)Ge(2a)-Ge(1a)Yb(1) 25.4°, Ge(2a)Ge(1a)-Yb(1)-
Ge(1) —9.5°, Ge(1a)Yb(1)-Ge(1)Ge(2) —9.5°. The
similar five-membered Ge,Se cycle in (Ph,Ge),Se is
more planar [9] and the Ge,S cycle in (Ph,Ge),S has
an envelope conformation [10].

The Yb(1)-Ge(1) distance in 1, 3.104(2) A, is some-
what shorter then that in the octahedral complex
(Ph;Ge),Yb(THF), (3.170 and 3.141 A in two indepen-
dent molecules) with trans-arrangement of Ph;Ge
groups at the Yb atom. The Ge(1)-Ge(2) and Ge(2)—
Ge(2a) distances_ (2.479(2) and 2.489(2) A) in 1 are
longer by ca. 0.3 A than those in molecules (thGe)4Se
[9] and (Ph,Ge),S [10] The Ge-C distances in 1
(1.973(11)-2.017(9) A) are also slightly longer than the
average Geo C distances in mentioned molecules; 1.961
and 1.959 A, respectively.

The dihedral angles between the average plane of
Ge,Yb cycle and the Yb(1)O(1)O(1a) plane is 4.7°. The
dihedral angles between two mentioned planes and the
O(2)Yb(1)O(2a) plane (92.5 and 87.7°, respectively) are
close to 90°. However, the O(2) atom is bent away from
the nearest Ph,Ge fragment owing to non-bonded re-
pulsions between the THF molecules and Ph rings
(Fig. 1). The O(1)Yb(1)O(1a) and O(2)Yb(1)O(2a) an-
gles (103.7(4) and 150.3(5)°), respectively) are signifi-
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Fig. 1. The general view of (Ph,Ge),Yb(THF), molecule and atom labelling. The main distances (in A) and angles (in deg.): Yb(1)-Ge(1)
3.104(2), Ge(1)-Ge(2) 2.47%2), Ge(2)-Ge(2a) 2.489(2), Yb—O(1) 2.475(8), Yb(1)-O(2) 2.402(10), Ge(1)-C(1) 2.012(11), Ge(1)-CX(7) 2.017(9),
Ge(2)-C(13) 1.973(11), Ge(2)-C(19) 1.980(11), C-C,, 1.38(2), Ge(1)Yb(1)Ge(1a) 84.5(1), O(1)Yb(1)O(1a) 103.7(4), O2)Yb(1)O(2a) 150.3(5),
Yb(1)Ge(1)Ge(2) 116.0(1), Ge(1)Ge(2)Ge(2a) 107.6(1), C(1)Ge(1)C(7) 102.8(4), C(13)Ge(2)C(19) 104.1(4).
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cantly larger and respectively smaller than ideal octa-
hedral angles. The similar distortions of the octahedral
coordination of the Yb atom were found in the cation
[(THF),Yb(u-CD,YH(THF),I** [11].

The Yb—O(1) distance, 2.475(8) A, for the oxygen
atom in trans-position relatively to the Ge atom 1s
slightly longer then the Yb—O(2) distance, 2.402(10) A,
for oxygen atom in cis-position. The difference be-
tween the similar Yb—O distances (2.39 and 2.37 A)
found in cation [(THF),Yb(u-C1),Yb(THF),]** [11] is
smaller. The Yb-O(THF) distances in 1 can be also
compared with the_similar values in (Ph;Ge),Yb-
(THF),, 2.42-2.43 A [3], and cation [YB(THF),]**,
2.390(7) A [11].
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