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Interlinkage of a siliconoid with a silsesquioxane: en route
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A new potential model system for silicon monoxide (SiO) is
synthesized by the interlinkage of an unsaturated silicon cluster
(siliconoid) with a polyhedral silsequioxane cage. Two deriva-
tives with variable linker size are obtained by the corner-
capping reaction of Ph7T7(ONa)3 with a trichlorosilane featuring
a remote benzylic chloride functionality and the subsequent

nucleophilic substitution of the latter by the anionic hexasila-
benzpolarene-type Si6 siliconoid. Based on the recently pro-
posed heterogeneous cluster model for the SiO structure, the
stoichiometry between silicon and oxygen reiterates the
suboxidic interface of the nano-composite in a Si :O ratio of
14 :12.

Introduction

Silicon monoxide (SiO) has been reported more than 130 years
ago,[1] yet relatively little is known about the structure of this
commercially available material, which is nonetheless exten-
sively employed, e.g. as antireflective coating.[2d,e] More recently,
it is being investigated along with suboxidic SiOx species as a
component of anode materials in lithium ion batteries[2a–c,f,g] and
as pivotal component of silicon nanowires in light-enhanced
hydrogen generation.[2h]

SiO is usually prepared by thermal evaporation of elemental
Si and SiO2. In the gas phase at high temperatures it
predominantly exists as a diatomic molecule, which is sub-
sequently condensed by cooling.[3] Depending on the cooling
rate, different modifications of SiO are obtained of which the
amorphous dark powder is typically employed for the various
applications.[4] In contrast to SiO2,

[5] the solid state structure of
SiO is still a controversial subject,[6] and is either described as a
single phase[7] or an amorphous, nanoscalar composite of Si
and SiO2.

[6,8] Earlier suggestions of a simple macroscopic mixture
of Si and SiO2

[9] are neither in line with the distinct reactivity of
SiO,[6] nor with spectroscopic findings.[10] The random bonding
model proposed by Philipp assumes a continuous network of

arbitrarily distributed covalent Si� O and Si� Si bonds.[11] Such a
network could be regarded as a single macroscopic phase of
SiO, but would not account for the aforementioned thermody-
namically driven disproportionation of SiO. Recently, Chen et al.
developed a heterogeneous structure model consisting of
elemental silicon clusters incorporated into an amorphous SiO2
matrix with interfacial Si(Si4-xOx) tetrahedra.

[12]

In view of the lack of empirical evidence for the SiO
structure, several (potential) model systems have been con-
ceived. Ionic phases approximating the Si/O ratio of 1 :1
incorporate both discrete Si-based Zintl anions and silicate
anions as reported by the groups of Fässler and Röhr.[13] In fact,
SiO was suspected as byproduct of this synthesis. Molecular
species with silicon suboxide motifs have been reported as well,
all containing strong external donors to increase stability:
Filippou et al. prepared a chromium complex of NHC-stabilized
SiO,[14] while Robinson et al. isolated several disilicon suboxides
coordinated by NHC ligands.[15]

Herein, we report the synthesis of a well-defined and stable
potential molecular model system, which combines an unsatu-
rated Si6 siliconoid with a T8 silsesquioxane in one and the same
molecule and thus reiterates Chen’s model with local molecular
Si and SiO clusters.[12] While silsesquioxanes have been
suggested as models for silica surfaces and silica supported
transition metal catalysts,[16] siliconoids are implied as inter-
mediates in gas phase deposition processes of elemental
silicon[17] and – in the form of stable molecular representatives
regarded as model systems for silicon surfaces (Figure 1).[18]

Results and Discussion

Anionically functionalized siliconoids are easily derivatized in a
straightforward manner by reactions with various electrophiles,
which mostly proceed without compromising the integrity of
the Si6 cluster scaffold.

[19] Yet, attempts to introduce the 4-
vinylbenzoyl group (as a group potentially amenable to
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subsequent hydrosilylation by T8Ph7H) in ligato-position[20] of a
hexasilabenzpolarene scaffold gave complex and intractable
product mixtures. Although hydro silsesquioxanes are routinely
modified by hydrosilylation procedures,[21] the reverse approach
of initial grafting of the linker units to T8Ph7H by reaction with
suitably functionalized terminal alkenes in the presence of
either the Karstedt catalyst or palladium on charcoal only
resulted in partial conversion of the silsesquioxane. In contrast,
corner-capping reactions[22] of incompletely condensed T7
silsequioxanes using highly electrophilic trichlorosilanes tolerate
less reactive remote functionalities potentially amenable to later
introduction of the hexasilabenzpolarene motif. In terms of
grafting the substituted T8 to the anionic ligato lithiated
hexasilabenzpolarene 1, we selected a remote benzylic halide
functionality in para-position to the ethylene moiety.[23] Encour-
agingly, the test reaction of the ligato-lithiated hexasilabenzpo-
larene 1 with benzyl bromide yielded the benzyl-substituted 2
in 75% isolated yield (Scheme 1).

The desired trichlorosilane 3 with remote benzylic chloride
was obtained by hydrosilylation of para-vinylbenzyl chloride
with trichlorosilane through an adapted literature procedure
(see Supporting Info).[24] In our hands, the anti-Markovnikov
selectivity of the reaction heavily depended on the choice of
catalyst. The use of Pt/C finally allowed for the isolation of 3 by
vacuum distillation in 67% yield.

The subsequent treatment of Ph7T7(ONa)3 with a slight
excess of trichlorosilane 3 in tetrahydrofurane at 0 °C indeed

affords the T8-substituted benzyl chloride 4 as a white solid in
46% yield after aqueous work-up (Scheme 2).

The ethylene moiety in 4 gives rise to characteristic 1H NMR
multiplets between 2.79 and 2.75 ppm as well as 1.16 and
1.12 ppm, respectively. The 13C NMR signals of the correspond-
ing carbon atoms are observed at 28.83 and 14.14 ppm. The
benzylic group gives rise to a 1H NMR singlet at 4.08 ppm and a
13C NMR signal at 46.19 ppm. The 29Si NMR resonances in C6D6
of the T8 cage in 4 are observed at � 65.4, � 77.6 and
� 78.0 ppm. While the local C3v symmetry would demand four
signals, monofunctionalized T8 cages often only show three

29Si
signals due to incidental isochronism of the phenyl-substituted
corners of the T8 cage.

[25] A 1H-29Si NMR correlation experiment
assigned the resonance at � 65.4 ppm to the newly introduced
silicon vertex (Experimental Section/SI). In contrast, the parent
species T8Ph8 exhibits one signal at � 78.3 ppm in CDCl3,

[26]

while silsesquioxane 4 gives rise to resonances at � 65.8, � 78.3
and � 78.6 ppm in this solvent.

Reaction with the anionic silicon cluster 1 in benzene at
25 °C quantitatively afforded the anticipated benzpolarene-
grafted T8 cage 5. Crystallization from a benzene solution
afforded orange crystals of 5 in 31% yield (Figure 2). Single
crystals suitable for X-ray diffraction were grown from a 10 :1
mixture of toluene and hexane.

The Si1� Si3 distance of the nudo-silicon atoms of 2.640(1) Å
is at the short end of the typical range for neutral
hexasilabenzpolarenes.[19b] Despite the difference in carbon
hybridization, the bond between the T8 silicon vertex to the

Figure 1. Selected examples of unsaturated neutral siliconoids A to
E[18] and of polyhedral molecular silsesquioxanes F[16] (*: saturated
silicon vertex, Si: unsubstituted silicon vertex).

Scheme 1. Test reaction of anionic siliconoid 1 with benzyl bromide
to obtain benzyl functionalized hexasilabenzpolarene.

Scheme 2. Corner capping reaction of the incompletely condensed
heptaphenyl silsesquioxane T7Ph7(ONa)3 with trichlorosilane 3
containing the linking group (R=Tip=2,4,6-triisopropylphenyl), as
well as grafting reaction to lithiated hexasilabenzpolarene motif by
nucleophilic substitution of chloride at benzylic carbon atom to
yield the potential SiO model system 5.
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pending ethylene moiety (Si7� C39 1.838(3) Å) is identical within
the margin of error to the Si� C distances involving the T8-
phenyl substituents and indistinguishable from those reported
for T8Ph8

[27] (1.838(2) to 1.843(2) Å) as well as an octa(p-
carboxyphenylethyl)-T8 (1.840(4) to 1.851(4) Å).

[28] The SiO bond
lengths of the T8 cage are between 1.606(2) Å and 1.627(2) Å,
thus showing slightly more variance compared to T8Ph8
(1.6166(11) to 1.6258(11) Å). As a consequence of the reduced
symmetry, the T8 silicon atoms of 5 deviate slightly more from
the ideal tetrahedral coordination with angles between 103.9(3)
and 116.3(3)°. In comparison, the silicon atoms of T8Ph8 exhibit
bond angles from 107.72(6) to 111.58(6)°. The same applies to
the angles at the oxygen cage atoms with values between
137.6(1)° and 168.0(2)° compared to T8Ph8 (min. 142.28(7) and
max. 153.22(8)°). The ethylene signals undergo downfield shifts
to 2.98–2.91 ppm and 1.41–1.34 ppm (previously 2.79–2.75 ppm
and 1.16–1.12 ppm) in the 1H NMR and 28.93 and 15.34 ppm in
the 13C NMR respectively (4: 28.83 and 14.14 ppm).

As to be expected for the substitution of the electron-
withdrawing chloro group, the 1H NMR signal of the benzylic
proton in 5 is no longer observed at 4.08 ppm but most likely
obscured by the Tip groups of the hexasilabenzpolarene
through an upfield shift. The benzylic carbon atom of 5 is
observed at 20.34 ppm (4: 46.19 ppm). The 29Si NMR shows
diagnostic signals for an intact hexasilabenzpolarene motif[19a,b]

at 170.6 ppm for the privo-position, 14.1, 8.4 and 1.0 ppm for
the two ligato- and the remoto-vertices as well as � 261.1 and
� 275.9 ppm for the two nudo-positions. The silsesquioxane
signals observed at � 65.3, � 77.6 and � 77.9 ppm are compara-
ble to the precursor 4 (� 65.4, � 77.6 and � 78.0 ppm). The 29Si
CP/MAS NMR spectrum shows almost identical signals to those

in solution, indicating a very similar structure in the solid state
(Experimental Section/SI).

The longest wavelength absorption in the UV/Vis spectrum
of 5 at 470 nm (ɛ=540 M� 1 cm� 1) is marginally blue-shifted
compared to the all-Tip substituted hexasilabenzpolarene E
(473 nm).[18d]

With compound 5 as proof-of-principle in hand, we
attempted the installation of a shorter linking unit between the
siliconoid and silsesquioxane motifs, that is without the
ethylene bridge between the T8 cage and the para-phenylene
spacer. Corner capping the incompletely condensed silsesquiox-
ane Ph7T7(ONa)3 through a modified literature procedure

[29] with
commercially available 4-(chloromethyl)phenyltrichlorosilane 6
gives 7 in 11% isolated yield. Subsequent treatment of 7 with
the anionic siliconoid 1 indeed results in 8, which was isolated
in 74% crystalline yield by slowly cooling down a 75 °C hot
benzene solution during 15 h (Scheme 3).

Unfortunately, no single crystals of 8 could be obtained so
that the comparison of physical data with those of 5 is limited
to the NMR spectroscopic investigations. As in 5, the hexasila-
benzpolarene motif of 8 shows the typical distribution of
29Si NMR signals:[18d;19a,b] The shortened linking unit has close to
no discernible effect on the chemical shifts. The absence of the
ethylene bridge at the silsesquioxane side of the linker is
reflected in the 29Si NMR spectrum of 8. All corners of the T8
unit are directly substituted by aryl groups giving rise to four
signals (instead of three in 5), which are closely grouped
together at chemical shifts of � 76.8, � 77.5, � 77.6 and
� 77.7 ppm. A total correlation spectroscopy (TOCSY) experi-
ment was used to verify the linkage of the cluster compounds
spectroscopically. Cross signals in the TOCSY experiment
indicate the successful connection of the silsesquioxane (see
Supporting Info). Compound 8 also exhibits a longest wave-
length absorption of 470 nm (ɛ=540 M� 1 cm� 1).

Figure 2. Molecular structure of potential SiO model system 5 in
the solid state. Thermal ellipsoids at 50% probability, hydrogen
atoms and co-crystallized solvent molecules omitted for clarity.
Selected bond lengths [Å] and angles [°]: Si1� Si2 2.357(1), Si1� Si3
2.640(1), Si1� Si4 2.374(1), Si1� Si6 2.329(1), Si2� Si3 2.395(1), Si3� Si4
2.315(1), Si3� Si6 2.376(1), Si4� Si5 2.345(1), Si5� Si6 2.388(1), Si4� C31
1.894(3), C31� C32 1.513(4), C32� C37 1.384(4), C37� C36 1.393(4),
C36� C35 1.381(4), C35� C38 1.512(4), C38� C39 1.514(4), C39� Si7
1.838(3); O1� Si7� O4 109.7(1), O4� Si7� O5 108.2(1), O1� Si7� O5
109.4(1), O1� Si7� C39 109.1(1), O4� Si� C39 110.2(1), O5� Si7� C39
110.3(1).

Scheme 3. Corner-capping reaction using trichlorosilane with short-
er linking group 6 to yield monofunctionalized T8 as well as
subsequent reaction with ligato-lithiated hexasilabenzpolarene to
yield the potential SiO model system 8 (R=Tip=2,4,6-triisopropyl-
phenyl).
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Conclusions

Suitably functionalized T8-silsesquioxanes react with a lithiated
hexasilabenzpolarene to yield interconnected molecular species
featuring both uncompromised silicon-rich and oxygen-rich
moieties, the siliconoid and the T8 silsequioxane, respectively.
With the overall Si :O ratio of 14 :12 these molecules approx-
imately reflect the stoichiometry of silicon monoxide and thus
represent potential molecular model systems. With the non-
conjugated linkers employed here, however, only very small
structural and spectroscopic effects result. One of the inter-
linked species was fully characterized by single-crystal X-ray
diffraction leaving no doubt regarding the constitution of the
other based on the similarity of spectroscopic data. The
synthesis of derivatives with fully π-conjugated linking units
and possibly more realistic σ-conjugated oligosilane linkers is
currently being investigated in our laboratory.

Experimental Section
General. All manipulations were conducted under a protective argon
atmosphere using standard Schlenk techniques or a glovebox. Non-
chlorinated solvents were dried over Na/benzophenone (in the
presence of tetraglyme in case of aromatic and aliphatic solvents) and
distilled under argon atmosphere. Deuterated solvents were dried by
reflux over potassium and distilled under argon atmosphere prior to
use. Chlorinated deuterated solvents were refluxed and distilled over
P4O10 and stored under Argon atmosphere. NMR spectra were
recorded on either a Bruker Avance III 300 NMR spectrometer (1H:
300.13 MHz, 13C: 75.46 MHz, 29Si: 59.63 MHz) or a Bruker Avance III 400
spectrometer (1H: 400.12 MHz, 13C: 100.61 MHz, 29Si: 79.49 MHz) at
300 K. UV/VIS spectra were recorded on a Shimdazu UV-2600
spectrometer in quartz cells with a path length of 0.1 cm. Melting
points were measured in sealed NMR caps under Ar atmosphere.
Elemental analysis was carried out with an elemental analyzer Leco
CHN-900. T7Ph7(OH)3 was obtained from Hybrid Plastics and dried
under vacuum prior to use. 4-vinylbenzyl chloride was obtained from
Sigma Aldrich and degassed before use. Platinum on activated carbon
was obtained from abcr. Trichlorosilane was obtained from abcr and
distilled prior to use. Sodium hydride was obtained from Sigma
Aldrich, washed with hexane and stored under argon atmosphere.
Triethylamine was obtained from Merck, stirred over calcium hydride
overnight and distilled prior to use. Calcium hydride was obtained
from Acros Organics and used as received. (2,2,5,5,6-Pentakis(2’,4’,6’-
triisoprophylphenyl)tetracyclo[2.2.0.01,3.03,6]hexasilan-4-yl)lithium 1 was
synthesized according to the published procedure.[19a]

Deprotonation of heptaphenylsilsesquioxanetriol with sodium
hydride. The synthesis was carried out according to a modified
literature procedure.[30] A solution of 21.17 g (22.70 mmol) of
T7Ph7(OH)3 in 80 mL thf was added dropwise to a suspension of
1.69 g (70.4 mmol) sodium hydride in 30 mL thf at room temper-
ature in three hours. The reaction mixture was stirred for 24 hours,
after which the solvent was evaporated. 23.20 g (90%) of a white
solid were obtained. 1H NMR (400 MHz, CDCl3, 300 K): 8.08–5.87 (m,
35 H, Ar-H), 3.40 (m, 8 H, thf), 1.54 (m, 8 H, thf) ppm.

Preparation of the benzyl-functionalized siliconoid 2. The ligato-
lithiated hexasilabenpolarene 1 (200 mg; 0.127 mmol) is dissolved
in 2 mL benzene and 1.1 eq benzylbromide (23.96 mg; 16.64 μL;
0.14 mmol) are added at room temperature under stirring. After
stirring the dark orange solution for 15 h, the precipitation of LiBr
as white solid can be observed. Benzene is distilled off in vacuum

at room temperature. The orange residue is digested with 4 mL
hexane and extracted with hexane at room temperature. After
evaporation of hexane in vacuum, the crude product is dissolved in
0.5 mL pentane to afford 122 mg (75%) of 2 as orange crystals. 1H-
NMR (300.13 MHz, C6D6, 300 K): 7.62, 7.24 (C10H8), 7.13–6.69 (br, 9 H,
Ar-H), 5.91–4.37 (br, 1 H, Tip-H), 4.37–3.91 (br, 2 H, Tip-iPr-CHMe2),
2.85–2.57, 2.47–2.36 (each br, together 4 H, Tip-iPr-CHMe2), 2.21–
0.02 (br, overlapping with thf, all together 72 H, Tip-iPr-CH3) ppm.
29Si-NMR (59.62 MHz, C6D6, 300 K): 170.6 (Tip2-Si), 14.0 (Tip-Si), 8.5
(Tip2-Si), 1.3 (s, Si-C-Ph), � 260.9, � 276.0 (each br, Si-Si3) ppm.

4-(Chloromethyl)phenethyltrichlorosilane 3. The synthesis was
carried out according to a modified literature procedure.[24] A
mixture of 0.19 g platinum on activated carbon, 200 mL toluene,
13.50 mL (95.80 mmol) of 4-vinylbenzyl chloride and 14.50 mL
(143.45 mmol) of trichlorosilane was refluxed at 80 °C for 4 hours,
stirring was continued at room temperature for another 17 h. The
mixture was filtered over Celite 545 and all volatiles were distilled
off at 10� 2 mbar. Distillation at 10� 5 mbar using an oil diffusion
pump and 120 °C afforded 18.55 g (67%) of 3 as a deep yellow
liquid. 1H NMR (400 MHz, CDCl3, 300 K): 7.36–7.22 (m, 4 H, Ar-H),
4.59 (s, 2 H, Ar-CH2-Cl), 2.93–2.89 (m, 2 H, Ar-CH2-CH2), 1.78–1.73 (m,
2 H, Si-CH2-CH2) ppm.

13C NMR (100 MHz, CDCl3, 300 K): 141.81,
135.87, 129.09, 128.42 (each Ar-C), 46.13 (Ar-CH2-Cl), 28.08 (Ar-CH2-
CH2), 26.08 (Si-CH2-CH2) ppm.

29Si NMR (79.5 MHz, CDCl3, 300 K):
11.8 ppm.

Corner-capping reaction of Ph7T7(ONa)3 with 4-(chlorometh-
yl)phenethyltrichlorosilane. Preparation of 4 (T8Ph7R; R=4-
(chloromethyl)phenethyl). This synthesis was carried out according
to a modified literature procedure.[23] A suspension of 14.68 g
(14.72 mmol) of T7(ONa)3 and 6.60 mL (47 mmol) NEt3 in 250 mL dry
thf was stirred for 30 minutes and then cooled down in an ice-
water bath for 1 h. A solution of 3.85 mL (17.66 mmol) of 4-
(chloromethyl)phenethyltrichlorosilane 3 in 150 mL of dry thf was
added dropwise during 3.5 h and stirring continued for 14 h in the
thawing ice-bath. The solvent was evaporated, and the white
residue dissolved in 150 mL of chloroform. The organic phase was
washed three times with water and dried over magnesium sulfate.
The product was precipitated by pouring the organic phase into
100 mL of MeOH. Drying in vacuum yielded 7.47 g (6.73 mmol,
46%) of 4 as a white solid (m.p.>300 °C). 1H NMR (400 MHz, C6D6,
300 K): 7.89–7.81 (m, 14 H, T8-m-Ar-H), 7.15–7.00 (m, 21 H, T8-o,p-Ar-
H), 6.93–6.83 (m, 4 H, o,m-Ar-H), 4.08 (s, 2 H, Ar-CH2-Cl), 2.79–2.75
(m, 2 H, Ar-CH2-CH2), 1.16–1.12 (m, 2 H, T8-CH2-CH2) ppm.

13C NMR
(100 MHz, C6D6, 300 K): 144.12, 135.28, 134.64, 134.60, 131.27,
131.24, 130.69, 130.45, 130.39, 128.89, 128.43, 128.36, 128.20,
127.94 (each Ar-C), 46.19 (Ar-CH2-Cl), 28.83 (Ar-CH2-CH2), 14.14 (T8-
CH2-CH2) ppm.

29Si NMR (79.5 MHz, C6D6, 300 K): � 65.4 (O3Si-CH2),
� 77.6 (O3Si-Ph), � 78.0 (O3Si-Ph) ppm.

29Si NMR (79.5 MHz, CDCl3,
300 K): � 65.8 (O3Si-CH2), � 78.3 (O3Si-Ph), � 78.6 (O3Si-Ph) ppm.

Preparation of hybrid system 5. A solution of the ligato-lithiated
hexasilabenzpolarene 1 in C6H6 (7.5 mL) was added dropwise to
388 mg (0.35 mmol) of the linker-substituted silsesquioxane 4 in
5 mL benzene during 25 minutes. The mixture was stirred at room
temperature for another 45 minutes and filtered. The solvent was
reduced to half of its volume and 213 mg (31%) of orange crystals
of 5 were grown by heating the solution to 75 °C in an oil bath and
letting it cool down slowly to rt overnight. Single crystals suitable
for an X-ray diffraction study were grown by adding hexane to the
amorphous solid to form a suspension. Dropwise addition of
toluene while heating gently dissolved all solids and standing for
three days at room temperature produced orange needles of 5 as
single crystals. (m.p. 200–201 °C, no dec.). 1H NMR (400 MHz, C6D6,
300 K): 7.97–7.79 (m, 14 H, T8-m-Ar-H), 7.63, 7.25 (C10H8), 7.19–7.00
(m, 27 H, overlapping T8-o,p-Ar-H with Tip-CH), 6.97 (br, 2 H, Tip-
CH), 6.95–6.82 (m, 4 H, o,m-Ar-H), 6.80 (br, 1 H, Tip-CH), 5.11, 4.57
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(each br, 1 H, iPr-CH), 4.24 (br, 2 H, iPr-CH), 4.17–3.99 (m, over-
lapping, 2 H, iPr-CH), 3.44, 3.31, 3.12 (each br, 1 H, iPr-CH), 2.98–2.91
(m, 2 H, Ar-CH2-CH2), 2.69, 2.68 (each sept., overlapping, 4 H,

iPr-CH),
2.39 (sept., 3JH,H=6.90 Hz, 1 H, iPr-CH), 2.17 (br, 3 H, iPr-CH3), 1.93
(br, 1 H, iPr-CH), 1.75, 1.63 (each br, 6 H, iPr-CH3), 1.60–1.42 (m, 19 H,
iPr-CH3), 1.41–1.34 (m, 2 H, Si-CH2-CH2), 1.33–1.01 (m, overlapping,
32 H, iPr-CH3), 0.85–0.68 (br, overlapping, 20 H,

iPr-CH3), 0.65, 0.36,
0.23 (each br, 3 H, iPr-CH3) ppm.

13C NMR (100 MHz, C6D6, 300 K):
157.30, 155.13, 154.11, 153.50, 152.70, 150.82, 150.78, 150.63,
149.36, 140.88, 137.78, 136.73, 134.70, 134.67, 134.64, 131.26,
131.21, 130.76, 130.50, 130.45, 130.05, 127.40, 126.07, 124.02,
123.52, 123.42, 123.05, 122.46, 122.07, 121.45, (each Ar-C), 37.77,
36.56, 36.11, 34.74, 34.42, 34.38, 31.97, (each Tip-iPr-CH and Tip-iPr-
CH3), 28.93 (Ar-C, 27.50, 27.14, 26.51, 25.61, 24.48, 24.18, 24.06,
23.86, 23.47, 23.07, 22.55 (each Tip-iPr-CH and Tip-iPr-CH3), 20.33
(Ar-CH2-Si), 15.34 (Si-CH2-CH2), 14.39 ppm.

29Si NMR (79.5 MHz, C6D6,
300 K): 170.6 (Tip2Si), 14.1 (Tip-Si), 8.4 (Tip2-Si), 1.0 (Si-C-Ar), � 65.3
(O3Si-CH2), � 77.6, � 77.9 (each O3Si-Ph), � 261.1, � 275.9 (each Si-Si3)
ppm. CP-MAS 29Si NMR: (79.5 MHz, 11 kHz, C6D6, 300 K):168.3
(Tip2Si), 18.1, 5.0, 1.9 (RSi3Si), � 67.4 (O3Si-CH2), � 79.0 (O3Si-Ph),
� 264.8, � 274.3 (each Si-Si3) ppm. UV/VIS (n-hexane): λmax(ɛ)=
470 nm (540 M� 1 cm� 1), 375 nm (8190 M� 1 cm� 1). Elemental Analy-
sis: Calc. for C126H160O12Si14: C, 66.96; H, 7.15; Found: C, 67.03; H,
7.43.

Corner-capping reaction of T7Ph7(ONa)3 with 4-((chloromethyl)-
phenyl)-trichlorosilane. Preparation of 7 (T8Ph7R; R=4-
(chloromethyl)phenyl). This synthesis was carried out according to
a modified literature procedure.[29] A suspension of 26.50 g
(26.57 mmol) of T7(ONa)3 and 12.5 mL (89.70 mmol) NEt3 in 300 mL
thf was stirred for 20 minutes and cooled in an ice-water bath for
one hour. 4-(Chloromethyl)phenyltrichlorosilane 6 in 125 mL of thf
was added dropwise during 2 h in the cold. The reaction mixture
was allowed to reach room temperature and stirring continued for
another 15 hours. All volatiles were removed under vacuum and
500 mL of CH2Cl2 were added. The mixture was filtered and the
solvent reduced until precipitation started to occur. The residue
was collected and washed with 100 mL dichloromethane. The
product 7 (3.15 g; 2.92 mmol) was collected as a white solid in 11%
yield (m.p.>300 °C). 1H NMR (400 MHz, C6D6, 300 K): 7.86–7.84 (m,
14 H, T8-m-Ar-H), 7.74–7.72 (m, 2 H, Ar-o,m-H), 7.11–7.01 (m, 21 H,
T8-o,p-H), 6.90–6.88 (m, 2 H, Ar-o,m-H), 3.92 (s, 2 H, Ar-CH2) ppm.
1H NMR (400 MHz, CD2Cl2, 300 K): 7.80–7.78 (m, 14 H, T8-m-Ar-H),
7.50–7.39 (m, 26 H, Ar-o,m-H overlapping with T8-o,p-H), 4.60 (s, 2 H,
Ar-CH2) ppm.

13C NMR (100 MHz, CD2Cl2, 300 K): 140.66, 134.88,
134.41, 131.33, 130.79, 130.45, 130.41, 128.50, 128.40 (each Ar-C),
46.42 (Ar-CH2-Cl) ppm.

29Si NMR (79.5 MHz, CD2Cl2, 300 K): � 78.31,
� 78.35, � 78.6 ppm.

Preparation of hybrid system 8. A mixture of 273 mg (0.253 mmol)
of silsesquioxane 7 and 372 mg (0.256 mmol) of the ligato-lithiated
hexasilabenzpolarene 1 in benzene (5 mL) was stirred at room
temperature for 75 min. The resulting dark orange mixture was
filtered by cannula and the filtrate reduced in vacuum until a
viscous solution was obtained. Orange crystals of 8 (417 mg, 74%)
were obtained by heating the benzene solution to 75 °C in an oil
bath and letting it cool down slowly during 14 h (m.p. 200–201 °C,
no dec.). 1H NMR (400 MHz, C6D6, 300 K): 8.04–7.97 (m, 7 H, Ar-H),
7.89–7.77 (m, 14 H, Ar-H), 7.29–7.21 (m, 13 H, Ar-H), 7.13–7.01 (m,
20 H, Ar-H), 7.00–6.88 (m, 10 H, Ar-H and Tip-CH), 6.85 (br, 2 H, Tip-
CH), 6.79 (br, 1 H, Tip-CH), 5.10 (br, 1 H, iPr-CH), 4.56 (br, 1 H, iPr-CH),
4.23 (br, 1 H, iPr-CH), 4.08 (br, 4 H, overlapping, iPr-CH), 3.41, 3.29,
3.10 (each br, 1 H, iPr-CH), 2.76–2.59 (m, 5 H, overlapping, iPr-CH),
2.28 (sept, 1 H, iPr-CH), 2.16 (br, 3 H, iPr-CH), 1.76–1.04 (m, 79 H,
overlapping, iPr-CH3), 0.80 (br, 5 H, iPr-CH3),0.72 (br, 8 H, over-
lapping, iPr-CH3), 0.62 (br, 17 H, overlapping,

iPr-CH3), 0.35, 0.22
(each br, 4 H, iPr-CH3) ppm.

13C NMR (100 MHz, C6D6, 300 K): 156.90,

154.70, 153.65, 153.01, 152.29, 150.68, 150.50, 150.32, 148.92,
148.77, 144.11, 137.83, 136.17, 135.44, 134.46, 134.36, 134.30,
133.74, 133.69, 130.87, 130.82, 130.49, 130.12, 129.47, 128.23,
128.01, 127.94, 127.89, 127.82, 127.70, 127.58, 127.46, 125.71,
123.62, 123.07, 122.66, 122.07, 121.72, 121.10, (each Ar-C) 37.44,
36.28, 36.05, 35.78. 35.39, 34.86, 34.46, 34.37, 34.01, 33.95, 28.36,
27.59, 26.99, 26.75, 26.10, 25.33, 24.28, 24.12, 23.82, 23.68, 23.50,
22.98, 22.71, 22.23, (each Tip-iPr-CH and Tip-iPr-CH3)), 20.94 (Ar-CH2-
Si) ppm. 29Si NMR (79.5 MHz, C6D6, 300 K): 170.8 (Tip2Si), 14.3 (Tip-
Si), 8.8 (Tip2-Si), 1.9 (Si-C-Ar), � 76.8, � 77.5, � 77.6, � 77.7 (each O3Si-
Ar), � 260.5, � 276.2(each Si-Si3) ppm. CP-MAS

29Si NMR: (79.5 MHz,
11 kHz, 300 K): 167.1 (Tip2Si), 9.1, 5.0 (each RSi3Si), � 78.9 (O3Si-Ar),
� 255.0, � 281.7 (each Si3Si) ppm. UV/VIS (n-hexane): λmax(ɛ)=
470 nm (540 M� 1 cm� 1), 362 nm (8510 M� 1 cm� 1). Elemental Analy-
sis: Calc. for C124H156O12Si14: C, 66.73; H, 7.05; Found: C, 68.86; H,
5.98.

Acknowledgements

The single crystal X-ray diffraction study was carried out at the
Service Center X-ray Diffraction with financial support from
Saarland University and the Deutsche Forschungsgemeinschaft
(INST 256/506-1). Open Access funding enabled and organized
by Projekt DEAL.

Conflict of Interest

The authors declare no conflict of interest.

Data Availability Statement

The data that support the findings of this study are available in
the supplementary material of this article.

Keywords: silicon monoxide · silsesquioxane · siliconoid ·
hybrid · model system

[1] a) C. F. Mabery, J. Franklin Inst. 1886, 122, 271–274; b) C. F.
Mabery, Am. Chem. J. 1887, 9, 11–15.

[2] a) A. Netz, R. A. Huggins, W. Weppner, J. Power Sources 2003,
119–121, 95–100; b) C.-M. Park, W. Choi, Y. Hwa, J.-H. Kim, G.
Jeong, H.-J. Sohn, J. Mater. Chem. 2010, 20, 4854–4860; c) J.-H.
Kim, C.-M. Park, H. Kim, Y.-J. Kim, H.-J. Sohn, J. Electroanal.
Chem. 2011, 661, 245–249; d) B. G. Gribov, K. V. Zinov’ev, O. N.
Kalashnik, N. N. Gerasimenko, D. I. Smirnov, V. N. Sukhanov,
Semiconductors 2012, 46, 1576–1579; e) B. G. Gribov, K. V.
Zinov’ev, O. N. Kalashnik, N. N. Gerasimenko, D. I. Smirnov,
V. N. Sukhanov, N. N. Kononov, S. G. Dorofeev, Semiconductors
2017, 51, 1675–1680; f) R. Fu, K. Zhang, R. P. Zaccaria, H.
Huang, Y. Xia, Z. Liu, Nano Energy 2017, 39, 546–553; g) S. Lu,
B. Wu, Y. Sun, Y. Cheng, F. Liao, M. Shao, J. Mater. Chem. C
2017, 5, 6713–6717; h) T. Ming, S. Turishchev, A. Schleusener,
E. Parinova, D. Koyuda, O. Chuvenkova, M. Schulz, B. Dietzek, V.
Sivakov, Small 2021, 17, 2007650.

[3] a) H.-H. Emons, P. Hellmold, H. Knoll, Zeit. Anorg. Allg. Chem.
1965, 11, 78–87; b) S. Schnurre, J. Gröbner, R. Schmid-Fetzer, J.
Non-Cryst. Solids 2003, 336, 1–25.

Journal of Inorganic and General Chemistry

Zeitschrift für anorganische und allgemeine Chemie

RESEARCH ARTICLE

Z. Anorg. Allg. Chem. 2022, 648, e202200239 (5 of 6) © 2022 The Authors. Zeitschrift für anorganische und allgemeine Chemie published by Wiley-VCH GmbH

Wiley VCH Dienstag, 04.10.2022

2219 / 267258 [S. 177/178] 1

 15213749, 2022, 19, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/zaac.202200239 by U

niversitaet D
es Saarlandes, W

iley O
nline L

ibrary on [18/10/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1016/0016-0032(86)90013-X
https://doi.org/10.1016/S0378-7753(03)00132-0
https://doi.org/10.1016/S0378-7753(03)00132-0
https://doi.org/10.1039/b923926j
https://doi.org/10.1016/j.jelechem.2011.08.010
https://doi.org/10.1016/j.jelechem.2011.08.010
https://doi.org/10.1134/S106378261213009X
https://doi.org/10.1134/S1063782617130085
https://doi.org/10.1134/S1063782617130085
https://doi.org/10.1016/j.nanoen.2017.07.040
https://doi.org/10.1039/C7TC01117B
https://doi.org/10.1039/C7TC01117B
https://doi.org/10.1002/smll.202007650


[4] A. Hohl, T. Wieder, P. A. Van Aken, T. E. Weirich, G. Denninger,
M. Vidal, S. Oswald, C. Deneke, J. Mayer, H. Fuess, J. Non-Cryst.
Solids 2003, 320, 255–280.

[5] S. S. Nekrashevich, V. A. Gritsenko, Phys. Solid State 2014, 46,
207–222.

[6] B. Friede, M. Jansen, J. Non-Cryst. Solids 1996, 204, 202–203.
[7] a) M. Nagamori, J.-A. Boivin, A. Claveau, J. Non-Cryst. Solids
1995, 189, 270–276; b) D. C. Gunduz, A. Tankut, S. Sedani, M.
Karaman, R. Turan, Phys. Status Solidi C 2015, 12, 1229–1235.

[8] K. Schulmeister, W. Mader, J. Non-Cryst. Solids 2003, 320, 143–
150.

[9] a) G. W. Brady, J. Phys. Chem. 1959, 63, 1119–1120; b) R. J.
Temkin, J. Non-Cryst. Solids 1975, 17, 215–230.

[10] A. Yasaitis, R. J. Kaplow, J. Appl. Phys. 1972, 43, 995–1000.
[11] H. R. Philipp, J. Phys. Chem. Solids 1971, 32, 1935–1945.
[12] A. Hirata, S. Kohara, T. Asada, M. Arao, C. Yogi, H. Imai, Y. Tan,

T. Fujita, M. Chen, Nat. Commun. 2016, 7, 11591.
[13] S. Hoffmann, T. F. Fässler, C. Hoch, C. Röhr, Angew. Chem. 2001,

113, 4527–4529; Angew. Chem. Int. Ed. 2001, 40, 4398–4400.
[14] A. C. Filippou, B. Baars, O. Chernov, Y. N. Lebedev, G. Schnaken-

burg, Angew. Chem. 2014, 126, 576–581; Angew. Chem. Int. Ed.
2014, 53, 565–570.

[15] Y. Wang, M. Chen, Y. Xie, P. Wei, H. F. Schaefer III, P.
v. R. Schleyer, G. H. Robinson, Nat. Chem. 2015, 7, 509–513.

[16] a) J. Brown, L. Vogt, J. Am. Chem. Soc. 1965, 87, 4313–4317;
b) F. J. Feher, J. Am. Chem. Soc. 1986, 108, 3850–3852; c) F. J.
Feher, D. A. Newman, J. F. Walzer, J. Am. Chem. Soc. 1989, 111,
1741–1748.

[17] G. Hadjisavvas, G. Kopidakis, P. C. Kelires, Phys. Rev. B: Condens.
Matter Mater. Phys. 2001, 64, 125413.

[18] a) D. Scheschkewitz, Angew. Chem. Int. Ed. 2005, 44, 2954–
2956; Angew. Chem. 2005, 117, 3014–3016; b) G. Fischer, V.
Huch, P. Mayer, S. K. Vasisht, M. Veith, N. Wiberg, Angew. Chem.
2005, 117, 8096–8099; Angew. Chem. Int. Ed. 2005, 44, 7884–
7887; c) D. Nied, R. Köppe, W. Klopper, H. Schnöckel, F. Breher,
J. Am. Chem. Soc. 2010, 132, 10264–10265; d) K. Abersfelder,
A. J. P. White, R. J. F. Berger, H. S. Rzepa, D. Scheschkewitz,
Angew. Chem. 2011, 123, 8082–8086; Angew. Chem. Int. Ed.
2011, 50, 7936–7939; e) A. Tsurusaki, C. Iizuka, K. Otsuka, S.
Kyushin, J. Am. Chem. Soc. 2013, 135, 16340–16343; f) T.
Iwamoto, N. Akasaka, S. Ishida, Nat. Commun. 2014, 5, 5353;
g) L. J. Schiegerl, A. J. Karttunen, W. Klein, T. F. Fässler, Chem.
Eur. J. 2018, 24, 19171–19174; h) L. J. Schiegerl, A. J. Karttunen,
W. Klein, T. F. Fässler, Chem. Sci. 2019, 10, 9130–9139; i) J.
Keuter, C. Schwermann, A. Hepp, K. Bergander, J. Droste, M. R.
Hansen, N. L. Doltsinis, C. Mück-Lichtenfeld, F. Lips, Chem. Sci.
2020, 11, 5895–5901.

[19] a) P. Willmes, K. Leszczyńska, Y. Heider, K. Abersfelder, M.
Zimmer, V. Huch, D. Scheschkewitz, Angew. Chem. 2016, 128,
2959–2963; Angew. Chem. Int. Ed. 2016, 55, 2907–2910; b) Y.
Heider, N. Poitiers, P. Willmes, K. Leszczyńska, V. Huch, D.
Scheschkewitz, Chem. Sci. 2019, 10, 4523–4530; c) Y. Heider, P.
Willmes, V. Huch, M. Zimmer, D. Scheschkewitz, J. Am. Chem.

Soc. 2019, 141, 19498–19504; d) K. I. Leszczyńska, V. Huch, C.
Präsang, J. Schwabedissen, R. J. F. Berger, D. Scheschkewitz,
Angew. Chem. 2019, 131, 5178–5182; Angew. Chem. Int. Ed.
2019, 58, 5124–5128; e) L. Klemmer, V. Huch, A. Jana, D.
Scheschkewitz, Chem. Commun. 2019, 55, 10100–10103.

[20] The nomenclature of the individual silicon vertices and their
substitution patterns is reminiscient of disubstituted six-
membered aromatic ring systems. The two mono substituted
vertices are given the prefix ligato, while the two unsubsti-
tuted silicon atoms are referred to as nudo-positions. The low
field shift in the 29Si NMR of the disubstituted privo-silicon
atom gave rise to its prefix (privus meaning deprived in latin,
referring to the electrons) and the remaining disubstituted
vertex is referred to as remoto due to its position being the
most remote from the nudo-atoms.[19b].

[21] a) Y. Cao, S. Xu, L. Li, S. Zheng, J. Polym. Sci., Part B: Polym.
Phys. 2017, 55, 587–600; b) J. Duszczak, K. Mituła, R. Januszew-
ski, P. Żak, B. Dudziec, B. Marciniec, ChemCatChem 2019, 11,
1086–1091; c) Y. Sato, H. Imoto, K. Naka, J. Polym. Sci. 2020, 58,
1456–1462; d) A. Igarashi, H. Imoto, K. Naka, Polym. Chem.
2022, 13, 1228–1235.

[22] a) K. Ohno, S. Sugiyama, K. Koh, Y. Tsujii, T. Fukuda, M.
Yamahiro, H. Oikawa, Y. Yamamoto, N. Ootake, K. Watanabe,
Macromolecules 2004, 37, 8517–8522; b) M Janssen, J. Wilting,
C. Müller, D. Vogt, Angew. Chem. 2010, 122, 7904–7907; Angew.
Chem. Int. Ed. 2010, 49, 7738–7741; c) C.-Y. Yu, S.-W. Kuo, Ind.
Eng. Chem. Res. 2018, 57, 2546–2559; d) D. Zhang, Y. Liu, Y. Shi,
G. Huang, RSC Adv. 2014, 4, 6275–6283.

[23] JNC Corp (Y. Urata, K. Hashimoto, M. Nishimura, J. Terasawa, M.
Nakayama), JP2013032340 A (February 14, 2013).

[24] D. Kessler, P. Theato, Macromolecules 2008, 41, 5237–5244.
[25] a) E. G. Shockey, A. G. Bolf, P. F. Jones, J. J. Schwab, K. P.

Chaffee, T. S. Haddad, J. D. Lichtenhan, Appl. Organomet. Chem.
1999, 13, 311–327; b) P. Żak, C. Pietraszuk, B. Marciniec, G.
Spólnik, W. Danikiewicz, Adv. Synth. Catal. 2009, 351, 2675–82.

[26] M. A. Hoque, Y. H. Cho, Y. Kawakami, React. Funct. Polym. 2007,
67, 1192–1199.

[27] P. R. Chinnam, M. R. Gau, J. Schwab, M. J. Zdilla, S. L. Wunder,
Acta Crystallogr., Sect. C: Struct. Chem. 2014, 70, 971–974.

[28] D. Voisin, D. Flot, A. Van der Lee, O. J. Dautel, J. J. E. Moreau,
CrystEngComm 2017, 19, 492–502.

[29] F. Liu, H. Guo, Y. Zhao, X. Qiu, L. Gao, Y. Zhang, Polym. Degrad.
Stab. 2019, 168, 108959.

[30] I. Kownacki, B. Marciniec, K. Szubert, M. Kubicki, M. Jankowska,
H. Steinberger, S. Rubinsztajn, Appl. Catal., A 2010, 380, 105–
112.

Manuscript received: July 11, 2022
Revised manuscript received: August 30, 2022
Accepted manuscript online: September 5, 2022

Journal of Inorganic and General Chemistry

Zeitschrift für anorganische und allgemeine Chemie

RESEARCH ARTICLE

Z. Anorg. Allg. Chem. 2022, 648, e202200239 (6 of 6) © 2022 The Authors. Zeitschrift für anorganische und allgemeine Chemie published by Wiley-VCH GmbH

Wiley VCH Dienstag, 04.10.2022

2219 / 267258 [S. 178/178] 1

 15213749, 2022, 19, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/zaac.202200239 by U

niversitaet D
es Saarlandes, W

iley O
nline L

ibrary on [18/10/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1016/S0022-3093(03)00031-0
https://doi.org/10.1016/S0022-3093(03)00031-0
https://doi.org/10.1016/S0022-3093(96)00555-8
https://doi.org/10.1016/0022-3093(95)00239-1
https://doi.org/10.1016/0022-3093(95)00239-1
https://doi.org/10.1002/pssc.201510114
https://doi.org/10.1016/S0022-3093(03)00029-2
https://doi.org/10.1016/S0022-3093(03)00029-2
https://doi.org/10.1021/j150577a020
https://doi.org/10.1016/0022-3093(75)90052-6
https://doi.org/10.1063/1.1661320
https://doi.org/10.1016/S0022-3697(71)80159-2
https://doi.org/10.1002/1521-3757(20011203)113:23%3C4527::AID-ANGE4527%3E3.0.CO;2-Z
https://doi.org/10.1002/1521-3757(20011203)113:23%3C4527::AID-ANGE4527%3E3.0.CO;2-Z
https://doi.org/10.1002/1521-3773(20011203)40:23%3C4398::AID-ANIE4398%3E3.0.CO;2-9
https://doi.org/10.1002/ange.201308433
https://doi.org/10.1002/anie.201308433
https://doi.org/10.1002/anie.201308433
https://doi.org/10.1038/nchem.2234
https://doi.org/10.1021/ja00947a016
https://doi.org/10.1021/ja00273a062
https://doi.org/10.1021/ja00187a028
https://doi.org/10.1021/ja00187a028
https://doi.org/10.1002/anie.200462730
https://doi.org/10.1002/anie.200462730
https://doi.org/10.1002/ange.200462730
https://doi.org/10.1002/ange.200501289
https://doi.org/10.1002/ange.200501289
https://doi.org/10.1002/anie.200501289
https://doi.org/10.1002/anie.200501289
https://doi.org/10.1021/ja104810u
https://doi.org/10.1002/ange.201102623
https://doi.org/10.1002/anie.201102623
https://doi.org/10.1002/anie.201102623
https://doi.org/10.1021/ja409074m
https://doi.org/10.1002/chem.201805442
https://doi.org/10.1002/chem.201805442
https://doi.org/10.1039/C9SC03324F
https://doi.org/10.1039/D0SC01427C
https://doi.org/10.1039/D0SC01427C
https://doi.org/10.1002/ange.201511037
https://doi.org/10.1002/ange.201511037
https://doi.org/10.1002/anie.201511037
https://doi.org/10.1039/C8SC05591B
https://doi.org/10.1021/jacs.9b11181
https://doi.org/10.1021/jacs.9b11181
https://doi.org/10.1039/C9CC04576G
https://doi.org/10.1002/polb.24303
https://doi.org/10.1002/polb.24303
https://doi.org/10.1002/pol.20200161
https://doi.org/10.1002/pol.20200161
https://doi.org/10.1039/D1PY01709H
https://doi.org/10.1039/D1PY01709H
https://doi.org/10.1021/ma048877w
https://doi.org/10.1002/ange.201001926
https://doi.org/10.1002/anie.201001926
https://doi.org/10.1002/anie.201001926
https://doi.org/10.1021/acs.iecr.7b04935
https://doi.org/10.1021/acs.iecr.7b04935
https://doi.org/10.1039/C3RA46711B
https://doi.org/10.1021/ma800570x
https://doi.org/10.1002/(SICI)1099-0739(199904)13:4%3C311::AID-AOC847%3E3.0.CO;2-1
https://doi.org/10.1002/(SICI)1099-0739(199904)13:4%3C311::AID-AOC847%3E3.0.CO;2-1
https://doi.org/10.1016/j.reactfunctpolym.2007.07.016
https://doi.org/10.1016/j.reactfunctpolym.2007.07.016
https://doi.org/10.1107/S2053229614019834
https://doi.org/10.1039/C6CE02369J
https://doi.org/10.1016/j.polymdegradstab.2019.108959
https://doi.org/10.1016/j.polymdegradstab.2019.108959
https://doi.org/10.1016/j.apcata.2010.03.041
https://doi.org/10.1016/j.apcata.2010.03.041

