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The chemistry of disilenes, that is, compounds with Si�Si
double bonds,[1] has developed explosively since the discovery
of the first stable derivative 1 by West, Michl, and Fink in
1981.[2] Compared to their carbon analogues, disilenes are
characterized by a smaller gap between the highest occupied
and lowest unoccupied molecular orbitals (HOMO–LUMO
gap).[1a] The corresponding p–p* transition is responsible for
the intense color of disilenes, which distinguishes them from
the often colorless olefins. Moreover, disilenes exhibit
considerable conformational flexibility.[1a] This flexibility can
have enormous impact on the HOMO–LUMO gap, as
demonstrated by the blue, twisted disilene 2[3] and by the
isomeric disilenes cis-3 (yellow) and trans-3 (red) with
differing degrees of trans bending (Scheme 1).[4]

In the case of carbon compounds, it is textbook knowledge
that the HOMO–LUMO gap is lowered by conjugation of
double bonds; this principle underlies charge transport in
conducting and semiconducting organic polymers.[5] In light of
the peculiarities discussed above, interesting electronic and
optical properties can be expected for conjugated systems
containing Si�Si double bonds. The synthesis of the first
tetrasilabutadiene 4 by Weidenbruch et al. was a break-
through in this regard.[6a] Tetrasilabutadienes exhibit a con-

siderable red shift of the p–p* transition by about 100 nm
with respect to the corresponding disilenes.[6] Other note-
worthy compounds with two Si�Si p bonds include a trisi-
laallene,[7] a spiro-conjugated pentasiladiene,[8] and a dis-
ilyne.[9]

Conversely, compounds with phenylene-bridged Si�Si
double bonds have not been reported to date. In the case of
carbon, poly(phenylenevinylene)s (PPVs) have attracted
much interest owing to their electroluminescent properties
and the resulting applications in organic light emitting
devices.[10] Recently, in groundbreaking work by the groups
of Protasiewicz and Gates, PPV analogues based on P=P and
P=C fragments have been synthesized.[11] Herein, we report
the remarkable, straightforward synthesis of a compound
containing two Si�Si double bonds linked by a phenylene
moiety, that is, a model system for hitherto unknown Si=Si-
containing PPV analogues.[12]

Silyl anions have only occasionally been arylated by
reaction with halogenated arenes.[13] Nonetheless, the suc-
cessful application of disilenides, that is, disila analogues of
vinyl anions, as transfer reagents for Si�Si double bonds,[14]

encouraged us to investigate their behavior towards iodoar-
enes. To test the feasibility of our approach, we treated 5[15] in
benzene with one equivalent of iodobenzene at room temper-
ature (Scheme 2). No color change of the orange reaction

mixture was observed. However, 29Si NMR signals at d=

71.76 and 55.23 ppm showed the quantitative formation of a
new Si=Si-containing species, which was identified as the
anticipated phenyl-substituted disilene 6 by NMR and UV/
Vis spectroscopy and isolated as yellow crystals from hexane
in 58% yield (m.p. 156–157 8C, dec.).

Encouraged by this result, we tried the reaction of two
equivalents of 5 with para-diiodobenzene under identical
conditions (Scheme 2). An immediate color change from
orange to dark red occurred. The only detectable product
exhibited 29Si NMR resonances at d= 70.73 and 56.79 ppm,
very similar to those of 6. Phenylene-bridged tetrasiladiene 7
crystallized from pentane in 72% yield (dec. 190 8C). Its
constitution was deduced from the simple 1H and 13C NMR
spectra indicating a para-disubstituted benzene moiety.

UV/Vis spectroscopy (Figure 1) revealed a large red shift
of Dl= 69 nm of the longest wavelength absorption of 7

Scheme 1. Mes=2,4,6-Me3C6H2, R=SiMe3, Tip=2,4,6-iPr3C6H2.

Scheme 2. Syntheses of 6 and 7. (Details are given in the Supporting
Information.)
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(lmax= 508 nm, loge= 4.45) compared to that of 6 (lmax=

439 nm, loge= 4.28). The value is similar to that of tetrasi-
labutadiene 4 (lmax= 518 nm) without a phenylene linker
between the Si�Si double bonds.[6a] As mentioned above, the
narrowing of the HOMO–LUMO gap associated with such a
red shift is widely accepted as evidence for conjugation.[1a, 10,11]

Moreover, the significantly higher extinction coefficient of
the longest wavelength absorption of 7 replicates observa-
tions for phenylene-bridged P=P systems as well as those for
corresponding carbon-based derivatives of 1,4-divinylben-
zene.[11c] As is common for disilenes, both 6 and 7 exhibit
thermochromic behavior. Especially the reversible color
change of solid 7 from red at room temperature to almost
black at 160 8C is noteworthy. The reversibility of this process
was confirmed by NMR spectra of the heated sample and by
differential scanning calorimetry, which shows exothermic
decomposition of 7 only above 190 8C.

The structures of 6 and 7 in the solid state were
determined by X-ray diffraction on single crystals[16] (Fig-
ures 2 and 3). Their comparison with regard to possible
conjugation should be carried out with caution because of the
aforementioned conformational flexibility of Si�Si double
bonds. The Si=Si bond of disilene 6 (217.54(11) pm) is actually
slightly longer than that of the phenylene-bridged tetrasila-
diene 7 (216.74(8) pm). This somewhat counterintuitive
observation can be rationalized by taking into account the
more pronounced trans bending of 6 as indicated by the
b values, defined by the angle between the Si=Si bond vector
and the planes spanned by a Si atom and the pendant ipso
C atoms (6 : Si1 23.6(3)8, Si2 22.3(3)8 ; 7: Si1 16.5(2)8, Si2
19.3(2)8). In fact, to our knowledge 6 and 7 represent the most
trans-bent stable disilenes without strongly electron-donating
substituents reported to date.[1a,17]

The disilenyl groups in 7 are severely rotated out of the
plane of the bridging phenylene group (Si2-Si1-C1-C2
38.9(1)8), thereby avoiding unfavorable close contacts to the
orthoH atoms. Nonetheless, the C�C bond lengths within the
phenylene moiety of 7 point towards a small degree of
quinoid character, as would be expected for a conjugated
system (C1�C2 139.7(3), C2�C3 138.6(3), C1�C3’
140.0(3) pm). These observations compare well with results
obtained for the carbon-based system p-[Ph(C=CH2)]2C6H4

with a torsion angle of the double bond to the phenylene
bridge of 39.58.[18]

Having experimentally established the presence of a
conjugated system in 7, we carried out DFT calculations
(B3LYP/6-31G(d,p))[19a] on the simplified model system 7Ph
(Ph instead of Tip) to shed light on the nature of the
interaction. In general, the structure of 7 in the solid state is
reproduced well (Table 1). Only the Si=Si bond lengths are
slightly overestimated, which, however, is a known tendency
for DFT calculations on compounds containing heavier main-
group elements. TD-DFT calculations on 7Ph yield a value of
564 nm as the longest wavelength absorption (assigned to the
HOMO–LUMO transition), which is reasonably close to the
experimental value of 508 nm for 7.

Figure 1. Normalized UV/Vis spectra of 6 (gray) and 7 (black) in
hexane at 25 8C.

Figure 2. Crystal structure of 6. Thermal ellipsoids are set at 50%
probability. Hydrogen atoms and the second molecule in the asymmet-
ric unit are omitted for clarity. Selected bond lengths [pm]: Si1–Si2
217.54(11), Si1–C46 187.3(3), Si1–C1 188.4(2), Si2–C16 189.5(3), Si2–
C31 189.8(2).

Figure 3. Crystal structure of 7 in the solid state. Thermal ellipsoids
are set at 50% probability. Disordered iPr groups, cocrystallized C6H6,
and hydrogen atoms are omitted for clarity. Selected bond lengths
[pm]: Si1–Si2 216.74(8), Si1–C1 187.00(19), Si1–C16 188.36(19), Si2–
C46 188.73(19), Si2–C31 189.1(2), C1–C2 139.7(3), C2–C3 138.6(3),
C1–C3’ 140.0(3).

Communications

5784 www.angewandte.org � 2007 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Angew. Chem. Int. Ed. 2007, 46, 5783 –5786

http://www.angewandte.org


The almost degenerate HOMO and HOMO-1 of 7Ph are,
as expected, of p symmetry (Figure 4). They are predom-
inantly located on the silicon atoms with relatively minor

participation from the pz atomic orbitals (AOs) of the
phenylene bridge. The LUMO exhibits much more significant
contributions from the phenylene moiety with a pronounced
quinoid appearance. HOMO-35 is the lowest lying mainly p-
symmetric orbital. In addition to participation of the terminal
phenyl groups, it is delocalized over all six phenylene carbon
atoms in an all-bonding fashion and exhibits only very little
admixture of silicon-centered AOs. The different energies of
the 2p orbitals of carbon and the 3p orbitals of silicon
obviously influence their respective contributions. It is well-
established that secondary interactions between p and
s* MOs on the one hand and s and p* MOs on the other
hand are responsible for the trans bending of Si�Si double
bonds.[1a] With that in mind, it is not surprising that second-
order perturbation theory analysis reveals a similar situation
for 7Ph (stabilization energies pSi=Si!s*Si�Si 2.72, sSi�Si!
p*Si=Si 3.47 kcalmol�1).[19b] However, even more favorable
interactions are found between C=C p bonds of the phenyl-
ene bridge and Si=Si p* orbitals (pC=C!p*Si=Si 4.91 kcal
mol�1), which strongly supports the presence of a conjugated
system in 7Ph.

To conclude, with 7 we have reported the first compound
with phenylene-conjugated Si�Si double bonds. Experimental
and computational evidence clearly indicates significant

conjugation of the p-system. The remarkable thermal stability
of 7 raises the hope of preparing more extended phenylene-
conjugated systems containing Si�Si double bonds, the
possibilities of which are currently under investigation.
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