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Among the aromatic charged 6π-electron species, cyclobutadiene
dianion (CBD2-) is the least studied and the most intriguing.1 The
question of its aromaticity is very important, since multiply charged
6π-aromatic cyclic systems behave quite differently from neutral
and singly charged systems because of the Coulombic repulsion
of the two additional electrons.2 A folded CBD2- structure with
one localized and one allylic delocalized negative charge was
predicted by early calculations.3 Later, another model, a trapezoid
CBD2- structure with 1,2-localized negative charges and a CdC
double bond, was suggested.4 Schleyer et al. have predicted a planar
delocalized CBD2- structure stabilized by coordination of the two
Li cations.5 Very recently, we have succeeded in isolating the first
stable Me3Si-substituted CBD2-‚2Li+, which has a square-planar
delocalized aromatic structure.6 However, until now the CBD2-

analogues consisting of heavier group 14 elements were unexplored,
both experimentally and theoretically. Here we report the synthesis
and structural characterization of the first “heavy” CBD2-’s
consisting of Si and Ge atoms.

The two “heavy” CBD2- species were synthesized containing
two Si and two Ge atoms for22-, and containing all Si atoms for
42-. The first compound was synthesized from disiladigermetene
17 by reduction with 4.2 equiv of KC8 in THF to furnish very
cleanly and quickly the desired tetrakis(di-tert-butylmethylsilyl)-
1,2-disila-3,4-digermacyclobutadiene dianion22- (Scheme 1).8 The

second CBD2- species, tetrakis(di-tert-butylmethylsilyl)-1,2,3,4-
tetrasilacyclobutadiene dianion42-, was obtained similarly by the
reduction of tetrabromocyclotetrasilane3 with 6.9 equiv of KC8 in
THF (Scheme 2).9 Both “heavy” CBD2- species [K+(thf)2]2‚22-

and [K+(thf)2]2‚42-, isolated as extremely air- and moisture-sensitive
dark-green crystals in 70 and 73% yields, respectively, exhibited
simple NMR spectra, in agreement with their symmetrical structure.

The structures of22- and 42- were unequivocally determined
by X-ray analysis. Crystals of [K+(thf)2]2‚22- and [K+(thf)2]2‚42-

with four THF molecules are crystallographically isomorphous,10,11

the ORTEP drawing of [K+(thf)2]2‚42- being shown in Figure 1.
Both cases showed folded four-membered rings (folding angle: 34°
for [K+(thf)2]2‚42-) with two η2-1,3-coordinated potassium cations
accommodated above and below the ring. The Si-Si bond lengths

in the four-membered ring of [K+(thf)2]2‚42- are not equal, with
the Si1-Si2 bond being somewhat shortened (2.2989(8) Å) and
the Si3-Si4 bond being somewhat lengthened (2.3576(8) Å) as a
consequence of the different orientation of thetBu2MeSi groups.

Scheme 1

Figure 1. ORTEP drawing of [K+(thf)2]2‚42-. Hydrogen atoms are omitted
for clarity. Selected bond lengths (Å): Si1-Si2 ) 2.2989(8), Si2-Si3 )
2.3300(8), Si3-Si4 ) 2.3576(8), Si1-Si4 ) 2.3301(8), Si1-Si5 )
2.3602(8), Si2-Si6 ) 2.3597(8), Si3-Si7 ) 2.3728(7), Si4-Si8 )
2.3719(7); Selected bond angles (deg): Si2-Si1-Si4 ) 88.09(3), Si1-
Si2-Si3 ) 88.12(3), Si2-Si3-Si4 ) 86.72(3), Si1-Si4-Si3 ) 86.74(3);
Dihedral angle (deg): Si1-Si2-Si3/Si1-Si3-Si4 ) 34.16(2).

Scheme 2
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The Si-K bond distances, ranging from 3.3011(8) to 3.4044(7) Å,
are typical for silyl potassium derivatives.12 All skeletal Si atoms
are significantly pyramidalized; for example, the sum of the three
Si-Si-Si angles around Si1 (or Si2) and Si3 (or Si4) atoms are
341 and 326°, respectively. Consequently, the bulkytBu2MeSi-
substituents occupy alternating up and down positions, minimizing
steric congestion around the CBD2- ring. Such structural features
of [K+(thf)2]2‚42-, as well as those of [K+(thf)2]2‚22-, do not meet
the classical criteria for aromaticity (ring planarity, cyclic bonds
equalization),1 thus providing evidence for their nonaromatic
nature.13 Magnetic criteria for aromaticity also support such a
conclusion: NICS,14 commonly recognized as an effective aroma-
ticity probe, was calculated for22- and 42- as +4.3 and+6.1,
respectively [NICS(1)], indicating the absence of a diatropic ring
current.15

Although both “heavy” CBD2-’s 22- and42- in the solid state
have very similar geometries, as depicted inA (Chart 1), their
solution behavior is significantly different based on their29Si NMR
spectra. The29Si NMR spectrum of22- showed three resonances
(5.3, 20.8, and 113.7 ppm), from which the latter one, due to the
skeletal Si atoms, is in the range for sp2-type Si atoms. This provides
evidence for the preferential accommodation of the two negative
charges on the more electronegative Ge atoms, making the two
endocyclic Si atoms doubly bonded, which corresponds to structure
B. However, the29Si NMR spectrum of42- shows a set of only
two signals at 10.0 fortBu2MeSi and 17.0 ppm for the skeletal Si.9

The latter resonance is clearly outside the range for sp2-type Si
atoms, which provides evidence for appreciable delocalization of
the negative charges inside the CBD2- ring, as depicted inC.
Apparently, in polar THF, the Si-K bonds can be easily broken to
form solvated ion pairs, whose structural behavior is dictated mainly
by the relative electronegativities of the skeletal elements (Si vs.
Ge): the electronegativity difference favors electron localization.

The “heavy” CBD2-’s are highly and selectively reactive. Thus,
22- smoothly and cleanly reacts with Me2SO4 to form the cyclic
disilene5 in 95% yield, where the Me groups are bound to Ge
atoms (Scheme 3).16 The formation of5 provides clear evidence
for the 1,2-localization of the two negative charges on the Ge atoms
in 22-.

Supporting Information Available: Experimental procedures,
spectral data of22- and42-, and tables of crystallographic data including
atomic positional and thermal parameters for [K+(thf)2]2‚42- (PDF).
X-ray crystallographic files in CIF format. This material is available
free of charge via the Internet at http://pubs.acs.org.
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