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n-Bonded Cyclopentadienyl Complexes of the p-Block Elements 

Patrick Jeffries Literature Seminar March 1 6 , 1989 

One of the largest classes of subvalent organometallic derivatives of the 
p-block· elements consists of then cyclopentadienyl complexes [1]. These com
plexes are intriguing structurally, and, unlike transition metal ~ cyclopenta
dienyl complexes, the ct-orbitals do not participate significantly in the bonding. 

In 1956, E. O. Fischer and H. Grubert synthesized the first p-block ~ cyclo
pentadienyl complexes, stannocene, Cp2Sn, and plumbocene, Cp2Pb [2,3]. Germano
cene, Cp2Ge, was later prepared by J. V. Scibelli and M. D. Curtis in 1973 [ 4], 
Whereas stannocene and germanocene are monomers in the solid and gas phases, 
plumbocene is polymeric in the solid phase and monomeric in the gas phase. The 
monomeric complexes adopt a bent sandwich structure with a stereochemically active 
"lone pair" of electrons which is consistent with the predictions of VSEPR theory. 
The bent structure is more stable than a parallel structure because the lower 
symmetry allows the filled s orbital to mix with an empty p orbital and stabilizes 
the "lone pair." [1]. The methylcyclopentadienyl(MeCp) and pentamethylcyclopenta
dienyl(Cp*) deriv~tives of Si(Cp* only), he, Sn, and Pb have been prepared and are 
monomeric [5]. · A comparison of the structures yields two conclusions. First, 
molecules with less sterically demanding ligands are more severely bent. Second, 
for a given element the metal-ring distance does not change upon substituting the 
cyclopentadienyl ligand. 

The bis(Cp*) complexes of Ge, Sn, and Pb react with Bronsted acids(HX) with 
loss of Cp*H to form CpEX or [CpE]+[Xj-, depending on the nucleophilicity of X 
[61. In contrast, attack occurs ·at the metal center in the Si complex to form 
(n -Cp) 2SiHX [7]. It has been predicted that because of the presence of the "lone 
pair" these complexes should behave as Lewis bases [8]. However, a Lewis acid
base adduct has not been conclusively identified. In fact, contrary to early 
reports, it has been shown that reactions with BF3 and AlC13 do not lead to adduct 
formation [9]. · 

Recently, the bis(pentaphe~ylcyclopentadienyl) complexes of Ge, Sn, and Pb 
have been prepared [10]. The crystal structure of the Sn complex has been solved 
and is shown in Figure 1. This molecule contradicts the predictions of VSEPR 
theory and has rare s 10 symmetry. Calculations show that this parallel metal l o
cene structure is controlled by steric factors. Theoret ical investigations and 
Mossbauer studies have shown that the "lone pair" in these complexes is stabilized 
by mixing with the dz2 orbital. Based on X-ray powder diffraction data and 13c 
CPMAS NMR spectra, the Ge and ?b compounds are assumed to be isostructural with 
the Sn compound. 
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Attempts to use similarly bulky ligands :o synt~esize other molecules with 
parallel rings have been unsuccessful. The b~s(1 ,2,4-tris(trimethylsilyl)cyclo
pentadienyl) complexes of Ge and Sn have been prepared [11j. The Cp(centroid)-E
Cp(centroid) angles are -170° and 162°, respectively. A bent structure, shown in 
Figure 2, also is adopted by in the bis(pentajenzylcyclopentadienyl) compounds of 
Ge, Sn, and ?b which have angles 163°_, 156°, and 153:;, resp€ctively [12]. NMR 
studies indicate that the Cp rings are rapidly rotat:ng despite the steric bulk of 
the ligands Cl1,12]. 

The group 13 compounds CpTl and Cp*Tl have been synthesized and in the solid 
state form polymeric zig-zag chains [13]. Again, the Cp-Tl-Cp units in the chains 
are bent to allow mixing of the sand p orbitcls [1~]. Monomers exist in the gas 
phase with C-v symmetry [15]. The pentabenzylcyclc~entad:enyl complex of thal
lium has bee~ synthesized [16]. Slow crystallizatic~ yielcs a head to head dimer 
and rapid crystallization yields a head to ta:l linear pol~-:ner. The Tl to nearest 
bonded ring jistance is the same in both com~~exes, 2.49A. Interactions bet~een 
the Tl and crtho carbon atoms of the benzyl ~oups ar e obs~rved by 13c NMR spec
troscopy [1"]. 

The Cp:~. MeCpin, and Cp*In complexes ha'le been prepared and characterized. 
Cpin and MeC~In form polymeric zig-zag chains in the solid state [18]. In con
trast, Cp*I~ forms an electron deficient clos0 struc:ure cGnsisting of an octahe
dron of In 2toms with ir-bonded Cp* ligands at each ·,--:rtex = 19]. The average In-In 
distance in :::p*In is 3 .953A which is close tc In-In 1istan -~e between separate 
chains in C;~n and MeCpin, 3.986A [18,19]. !~ls inc:cates ~hat In-In interactions 
are probabl:.- present in these compounds. In :he gas phase ~hese compounds exist 
in Civ mono~eric forms. The In to ring dist~~ce de~reases ~n the order Cp > MeCp 
> Cp [ 18,1 ~ ,20]. 

The in:eresting features of these compo~~ds ha~-= spar~ed studies of the 
p-block ele~ents with other n donating ligants such as are~es and carboranes [ 1]. 
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