Multiply Bonded Heavy Main Group Elements
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Once thought to be confined to first row elements, multiple bonding has now been
demonstrated in several heavy main group elements.! Multiple bonds were originally deemed
unlikely for large elements in the main group due to weak p7 interaction.? The syntheses of
distannene and digermene in 1976,3 and the realization of stable silicon and phosphorous
double bonds in 1981,%5 however, have shown that such bonding is possible. Studies of these
compounds are motivated by insight into bonding, as well as comparison of experimental
physical characteristics with theory.

Synthesis in this area entails the use of sterically demanding ligands, and this has
become the central theme in the preparation of new multiply bonded heavy main group
compounds. These ligands provide kinetic stabilization of the multiple bonds with respect to
oligomerization, as well as a general steric barrier to reactions at these sites.

Recent examples of heavy element multiple bonding have validated the success of this
approach. Germanium, for example, has provided a variety of multiply bonded compounds.
Digermenes have been prepared by reductive coupling and photochemical techniques using
bulky groups such as the 2,6-diisopropylphenyl ligand.® X-ray crystal structures of these
compounds show significant pyramidalization around each germanium center, the degree of
which is dependent upon the ligand. Ab initio calculations show a comparable folded
geometry for the hypothetical GegHy speciés.” One explanation of the folded shape focuses
on the narrowing of the energy gap between the  and 6™ levels of Ge=Ge relative to Si=Si
and C=C double bonds. Upon distortion from planar Dpp, symmetry to a folded Cp
configuration, these levels can mix as shown in Figure 1, lowering the energy of the HOMO.8
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Figure 1.

More recently, a germanium analog of cyclopropenium has been prepared.? Oxidation of a
cyclotrigermene containing bulky tri-zert-butylsilyl groupsl0 yields a 2% electron cation, which
has been analyzed by X-ray crystallography. The structure reveals a mean Ge-Ge length of
2.326 A, which lies between the single (2.522 A) and double (2.239 A) bond values of the
cyclotrigermene precursor. The planarity and electron delocalization of the species are
analogous to cyclopropenium. Aromatic in a Hiickel sense (4n+2 7 electrons), the ring is stable
despite considerable strain.

The first example of a heavy Group 4 element forming a triple bond to a transition metal
has also involved germanium. Using the sterically bulky 2,6-bis(2,4,6-methylphenyl)phenyl
ligand, Power and coworkers have prepared a molybdenum germylyne complex.!1 In addition
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to having a short Mo-Ge bond length of 2.271 A, the complex also has a nearly idealized Mo-
Ge-C bond angle of 172.20.

The multiple bonding capability of gallium has also been recently demonstrated.
Digallane compounds, first synthesized in 1989,12 have been reduced to yield radical anions
believed to contain one electron 7t bonds.13:14 For example, the species TripyGaGaTrip;

(Trip = 2,4,6-iPr3CgH3) has been reduced with lithium to give TrippGaGaTripy™.!13 Dramatic
decreases in bond length and in the torsional angle of the compound upon reduction are
indicative of the induced m-bonding character. Gallium-based cyclopropenium analogs have
recently been prepared.!5:16 Reduction of Mes,CgH3GaClp (Mes = 2,4,6-MesCgHa) with
sodium or potassium yields Nas[(MesaCgH3)Galsz, and Kao[(Mes2CgH3)Gals, respectively.
These cyclogallanes are believed to be aromatic, 27 electron species. Changing the Mes group
to the bulkier Mes™ (Mes™ = 2,4,6-iPr3CgH3)!7 has produced a novel gallyne compound, which
has the shortest gallium-gallium bond distance yet reported at 2.319 A.18 Bridged by sodium
cations, the triple bond shows nonidealized C-Ga-Ga angles of 128.59 and 133.59. Theoretical
studies have been performed which rationalize the bent geometry of this species.!8:19

In perhaps the most dramatic example of heavy main group element multiple bonding,
Okazaki and coworkers have recently reported a dibismuthene compound.20 Using the large
Tbt ligand (Tbt = 2 4,6-tris(bis(trimethylsilyl)methyl)phenyl), researchers have been able to
generate the TbtBiBiTbt species, shown in Figure 2. The synthesis involves the formation of a
six membered Bi-Se ring, which is deselenated to yield dibismuthene. Amazingly, this
compound exhibits a fair degree of air stability, and maintains a double bond both in the solid
state and in solution, shown from X-ray crystallography and the UV/Visible spectrum. The
nonidealized bond angles of the complex demonstrate the “inert pair effect” experienced by the

Figure 2.

ThtBiBiTbt: Tbt = 2,4,6-tris(bis(trimethylsilyl)methyl)phenyl
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bismuth atoms. At 134 cm-1, the Raman stretch of the bond is 31 cm-! higher than in
Ph;BiBiPhj, a shift which correlates well with the theoretically predicted 34 cm-! difference.
In addition, the £ — * transition shows a red shift from diphosphene and diarsine species that
is predicted by theory.2!

References

1. For reviews see: (a) Barrau, J. Escudie, J. Satge, J. “Multiply Bonded Germanium
Species. Recent Developments,” Chem. Rev., 1990, 90, 283-319. (b) Masamune, S.
et al. “*Strained Ring and Double Bond Systems Consisting of the Group 14 Elements
Si, Ge, Sn,” Angew. Chem. Int. Ed. Engl., 1991, 30, 902-930. (c) Siemeling, U.

“The First Triple Bond Between Germanium and a Transition Metal,” Angew. Chem.
Int. Ed. Engl., 1997, 36, 831-833. (d) Schnockel, H. et al. “Aluminum (I) and
Gallium (I} Compounds: Syntheses, Structures, and Reactions,” Angew. Chem. Int.
Ed. Engl, 1996, 35, 129-149. (e) Uhl, W. “Organoelement Compounds with Al-Al,
Ga-Ga, and In-In Bonds,” Angew. Chem. Int. Ed. Engl., 1993, 32, 1386-1397.

2. Massey, A. G. Main Group Chemistry; Ellis Horwood: New York, 1990.

3. Lappert, M. E. et al. “A New Synthesis of Divalent Group 4B Alkyls M[CH(SiMe3);]2
(M=Ge or Sn)}, and the Crystal and Molecular Structure of the Tin Compound,” J. Chen
Soc. Chem. Comm., 1976,261. °

4. West, R. et al. “Tetramesityldisilene, a Stable Compound Containing a Silicon-Silicon
Double Bond,” Science, 1981, 214, 1343-1344.

5. Y oshifuji, M. et al. “Synthesis and Structure of Bis(2,4,6-tri-tert-butylphenyl)
diphosphene: Isolation of a true ‘Phosphabenzene,”” J. Am. Chem. Soc., 1981, 103,
4587-4589.

6. Masamune, S. et al. “(Z)-1,2-Bis(2,6-diisopropylphenyl)-1,2-dimesityldigermene:
Synthesis, Crystal Structure, and n-Bond Energy,” J. Am. Chem. Soc., 1990, 112,
9394-9395.

7. Haaland, A.; Hitchcock, P.; Lappert, M. “Subvalent Group 4B Metal Alkyls and
Amides,” J. Am. Chem. Soc. Dalton Trans., 1986, 2387-2394,

3. Jacobsen, H.; Ziegler, T. “Nonclassical Double Bonds in Ethylene Analogues:
Influence of Pauli Repulsion on Trans Bending and n-Bond Strength. A Density
Functional Study,” J. Am. Chem. Soc., 1994, 116, 3667-3679.

9. Sekiguchi, A. et al. “A Free Cyclotrigermenium Cation with a 2rn-Electron System,”

Science, 1997, 275, 60-61.

10. Nagase, S.; Sakurai, H. Sekiguchi, A. “Cyclotrigermenes: A New Unsaturated Ring
System,” J. Am. Chem. Soc., 1995, 117, 8025-8026.

11. Power, Philip P. et al. “(u>-CsHs)(CO);MoGeCgH3-2,6-Mess: A Transition-Metal
Germylyne Complex,” J. Am. Chem. Soc., 1996, 118, 11966-11967.






	1997-1998 fixed 46
	1997-1998 fixed 47
	1997-1998 fixed 48
	1997-1998 fixed 49



