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Abstract 

Complexes (Ph,Si)sYb(THF)., (1) and (Ph,Ge),YbfTHF), (2) were 
synthesised by the reactions of PhsSiCl or Ph,GeCl with ytterbium 
in THF and characterised by X-ray diffraction. Compounds 1 and 2 
have similar centrosymmetrical octahedral structures with a central 
Yb atom bonded to four oxygen atoms of THF molecules in equato- 
rial positions and two Si (or Ge) atoms of SiPh, (or GePh,) frag 
ments in axial positions. In the crystal of 2 there are two symmetri- 
cally independent molecules with the same structure. The Yb-Si and 
Yb-Ge distances in 1 and 2 are 3.158(2) and 3.170(2), 3.141(2) A, 
respectively. 
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During our systematic investigations of the reactions 
of organotin ‘chlorides R,SnCl,_, (n = l-3) with 
metallic lanthanoids [l-3] we found that the reaction 
of Ph,SnCl, with Yb leads to the formation of an ionic 
organotin complex of ytterbium [l], consisting of 
(Ph,Sn),Sn- anions and the dimeric ytterbium cation 
[(DME),Y~(cL-C~>,Y~(DME),]~+ (DME = 1,2-dimeth- 
oxyethane). In contrast reactions of Ph,SnCl or 
PhSnCl, with Yb lead to compound (Ph,Sn),Yb- 
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(THF),, containing direct Yb-Sn bonds [ll. The reac- 
tions of Me,SnCl with samarium or ytterbium in THF 
at room temperature lead to the formation of polynu- 
clear organotin complexes [(Me,Sn),Sn],Ln0HF), (Ln 
= Sm, Yb) with Ln-Sn bonds [2]. 

Thus, the reaction of organotin chlorides R,SnCl,_, 
(R = Me, Ph; II = 1, 2, 3) with lanthanoids is a conve- 
nient route to organotin derivatives of lanthanoids. We 
therefore decided to use this method for preparation 
of organosilicon and organogermanium compounds of 
lanthanoids. 

We found that Ph,SiCl or Ph,GeCl react slowly 
with Yb in THF at room temperature and yield com- 
plexes 1 [4*] and 2 [5* I. 

2Ph,ECl+ 2Yb $$ (Ph,E),Yb(THF), 

+ YbCl,(THF), 

E = Si, Ge. 

Bis(triphenylsilyl)tetrakis(THFjytterbium (1) has 
been isolated as a yellow crystalline solid decomposing 
without melting on heating to llO-115°C. The IR 
spectrum of 1 shows the absorption bands (1425, 1110, 
735, 700, 430 cm-‘) of Ph,Si groups and of coordi- 
nated THF (1035, 915, 865 cm-‘). Bis(triphenyl- 
germyl)tetrakis(THF)terbium (2) has been isolated as 
a yellow-brown crystalline solid melting with decompo- 
sition upon heating to 120-125°C. The IR spectrum of 
2 shows the absorption bands (1480, 1425, 1085, 1065, 
1020,995,730,695, 460 cm-‘) of Ph,Ge groups and of 
coordinated THF (1040, 915, 865 cm-‘). Complexes 1 
and 2 are unstable in air, soluble in THF and benzene, 
and insoluble in hexane. 

X-ray diffraction studies [6*] have shown that 
molecules of compounds 1 and 2 have the same cen- 
trosymmetrical octahedral structure in which the Yb 
atom is bonded to four oxygen atoms of THF molecules 
in equatorial positions and there are two Si (Ge) atoms 
of Ph,Si (Ph,Ge) fragments in axial positions (Fig. 1). 
Thus, the molecular structures of 1 and 2 are similar to 
the structure of compounds (Ph,Sn),Yb(THF), [71 and 
[(Me,Sn),Sn],L&II-IF), (Ln = Sm, Yb) [2]. As we know 
the complex 1 is the first structurally characterised 
neutral organosilicon derivative of lanthanoids with a 

* Reference number with asterisk indicates a note in the list of 
references. 

0 1994 - Elsevier Sequoia. All rights reserved 



c4 L.N. Bochkarev et al. / (Ph,Si@‘%(THF), and (Ph,Ge),Yb(THF), 

Fig. 1. The molecular structure of 2 (1 has a similar structure). 

direct Ln-Si bond and complex 2 is the first struc- 
turally characterised organogermanium derivative of 
lanthanoids containing the direct Ln-Ge bond. Only 
two X-ray structures of ionic compounds containing 
anions [Cp,Ln(SiMe,),]- (Ln = Sm [8], Lu [9]) with 
Ln-Si bonds are known. 

The Yb-Si distance in 1,3.158(2) A, and the Yb-Ge 
distances in 2, 3.170(2) and 3.141(2) 8, for two indepen- 
dent molecules, are comparable. The first distance is 
significantly longer0 than that in the anions [C@Ln- 
(SiMe,),]-, 2.880 A for Ln = Sm [8] and 2.888 A for 
Ln = Lu [9]. It seems to be a result of more steric 
hindrance at the central Yb atom in 1. It is interesting 
to note that the Yb-Ge distances in 2 are close to 
those found in (Ph,GeH),Yb(THF),, namely 3.140 and 
3.152 A [lo]. It should be noted that the differences 
between the Yb-Si and Yb-Ge distances in 1 and 2 
and the Yb-Sn distances in (Ph,Sn),Yb(THF),, 3.305 
A, [7] and in two different crystallographic forms of 
compound [(Me,Sn),Sn],Yb(THF),, 3.289, 3.299, 3.300 
A, [2] are comparable with the differences between the 
covalent radii of the respective atoms (according to 
Pauling r(Si) = 1.17, r(Ge) = 1.24, r(Sn) = 1.40 A [ill). 
In the tetrahedral structure of [(‘BuCH,),Sn],- 
Yb(THF), with less steric hindrance, the Yb-Sn dis- 
tance 3.216 A [12] is shorter than that in the octahedral 
molecules mentioned. 

The Yb-O(THF) distances in 1 and 2 (2.444(3), 
2.475(2) and 2.42(l), 2.43(l), 2.42(l), 2.42(l) A, respec- 
tively) are slightly longer than those in (Ph,Sn),Yb- 
(THF), , 2.378-2.422 A, [7] and [(Me,Sn),Sn],- 
Yb(THF),, 2.35-2.41 A, [2]. 

The Si and Ge atoms in these molecules have a 
distorted tetrahedral coordination. Two of the YbSi 
(Ge)C angles are significantly increased from the ideal 
tetrahedral angle (115.3(l)“, 122&l)” for Si and 
117.6(4)“, 126.0(4)” for Ge). The Si-C(Ph) distances in 
1 (1.915(3), 1.917(3), 1.926(3) A) and the Ge-C(Ph) 
distances in 2 (2.00(l), 2.01(l), 2.02(2) A) like the 
Sn-C(Ph) distances in the molecule of (Ph,Sn),- 
Yb(THF), are somewhat longer than typical values of 
these bond lengths. 
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