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The homoaromaticity concept (pseudoaromaticity) was developed Scheme 1

in 1959 by Winsteir, and it is well established in carbocation ‘BugSi Br

chemistry? However, homoaromatic compounds containing the ? ;55

heavier Group 14 elements constitute a relatively new field. Very Ge

recently, mono- and trishomocyclopropenylium ions consisting of \ [EtsSi(benzene)]*+(CgF5) 4B
heavier Group 14 elements have been synthesized and characterized, W Ge—Gey,

in our group? Miiller et al. reported the formation of bishomosi- BugSit! 'SiBug rt
lacyclopropenylium as a transient species, as deduced from trapping >=I

reactionst On the other hand, the anionic bishomoaromatic boron Ph

system was synthesized and characterized by Berndt &t al. 1

However, stable bishomoaromatic cations containing the heavier (1:1 mixture of cis,trans and cis, cis)
Group 14 elements were still missing, and their existence remained

an open question. Herein, we report the preparation of a new 'Bu,Si ®

bicyclic compound starting from bromocyclotrigermene and its ' _|

dehalogenation to form the first isolable bishomocyclopropenylium

compound, (2,3,8lelog-2-phenyl-1,4,5-tris(trtert-butylsilyl)-1,4,5- G;e“\ . (CeFs)iB

trigermabicyclo[2.1.0]pent-2-en-5-ylium TPFPB(2"-TPFPB;
TPFPB = tetrakis(pentafluorophenyl)borate).

The stable bishomocyclopropenylium compo@rieTPFPB- was
obtained by dehalogenation of 5-bromo-2-phenyl-1,4,5-triggtti- Ph
butylsilyl)-1,4,5-trigermabicyclo[2.1.0]pent-2-en&) £ Thus, the 2+ TPFPB"
reaction ofl with an equimolar amount of [E8i(CeHe)] "~ TPFPB?
in benzene at room temperature immediately prod@¢etPFPB
as air- and moisture-sensitive pale yellow crystals in 61% yield tBusSi// Br
(Scheme 1¥.Compound2™ is very interesting, since it represents /’ée
a bishomoaromatic cation stabilized by through-space intramolecular "BuyN*Br / CDoCly \
coordination to a €&C double bond. 2*TPFPB’

We determined the actual structure 2f-TPFPB™ by X-ray
crystallographic analysis (Figure 1) he shortest Ge-F distance
is ca. 5.4 A longer than the sum of the van der Waals radii of Ge Ph
and F (3.6 A), that is2" is a free cation in the solid state. TBe cis, cis-1
ions have a highly strained “housene”-type skeleton, which consists
of a Ge equilateral triangle and a @&, four-membered ring. The

QeB—Cl (2.415(7) A) and Ge3C2 (2.254(7) A) |_nteratom|c . signals of the silicon atoms attached to bridgehead germanium
distances are very short due to the through-space interaction W'thatoms occasionally overlap). One of the most important features
the C=C double bond? whereas the C+C2 bond (1.411(9) Ais o2+ is the considerably shieldé8C NMR chemical shifts of the
consu_:ierably Ion@?_These changes in the bond Iength_ indicate the endocyclic atoms, phenyl (C1) or hydrogen (C2) substituted carbon
effective homoconjugation between the empty 4p-orbital on the Ge a1oms andH NMR chemical shift for the olefinic proton attached
atom and ther-orbital of the G=C double bond, resulting in strong {5 atom C2, relative to those of the neutral precutis¢compared
bending of the C1C2 unit toward the Ge3 atom, as determined by yth cistrans-1). Despite the partial delocalization of the positive
the dihedral angle of 67between the Ge1Ge2-Ge3 plane and charge over Ge3, C1, and C2, dramatic upfield shiftg:1{(C1)

the mean plane of GeiGe2-C1—-C2. This strong three-center two- = —29.8,Ad13c(C2) = —54.5, Ady(H2) = —1.17) are observed
electron bonding also leads to a slight pyramidalization of the due to the partial rehybridization of C1 and C2 atoms frof &p
homoconjugative atoms. The results of a calculation on the sp-type that are similar to the carbon congeriérghe relatively
trimethylsilyl-substituted model compourdd at the B3LYP/DZd large 1331y coupling constant of 165.9 Hz f@* is also typical
level! well reproduced the experimental bishomocyclopropenylium for a bishomoaromatic catida.

structure, with bond lengths and angles in good agreement with  In accordance with the homoconjugative structure, NBO analy-
the X-ray structure. The pyramidalization of the homoconjugative sis!® of 3+ clearly shows the electron deficiency of th¢C=C)
atoms was also found 8", which is due to the effective 4p(Ge)-  orbital (1.28 e) and an appreciable occupation of the empty 4p-
7(C=C) orbitals homoconjugation. (Ge3) orhital (0.42 e). The bond orders (WBI) of G&B1, Ge3-
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-78 °C e_Ge""’/Si
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The characteristic deshieldedSi NMR signals of 2" were
observed at 56.1 and 67.2 ppm in a ratio of 1:2 §DE(the two
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composed of the homoconjugative atoms (Ge3,C1,C2) (NICS(1)).
This NICS value is negative (NICS(E —11.0) indicating the
presence of diatropic ring current 81.1%

The reaction o2"-TPFPB" with tetrabutylammonium bromide
in CH,Cl, at —78 °C gave the brominated compouhas the single
cis,cisisomer (Scheme 2). Because of the steric shielding by the
bulky 'BuzSi group, Br attacked the Gecenter from the side of
the homoconjugative ring giving selectively only one isomer.

Supporting Information Available: The experimental procedures
of 1 and2"-TPFPB, table of crystallographic data including atomic
positional and thermal parameters ®rTPFPB", calculated energy
and geometry foB*. X-ray crystallographic files in CIF format. This
material is available free of change via the Internet at http://pubs.acs.org.
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