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SILICON DICHLORIDES
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GRAPHICAL ABSTRACT

Abstract A series of novel and previously published silicon dichlorides, R2SiCl2 (R = benzyl,
fluorenyl, p-tolyl p-n-butyl, p-biphenyl, m-tolyl, o-tolyl, 2,4-xylyl, 2,6-xylyl, p-biphenyl, 1-
naphthyl, 9-anthracenyl), were synthesized and characterized using 1H-, 13C- and 29Si NMR
spectroscopy. Effects of substituent bulk on both experimental and calculated 29Si NMR shifts
are compared between reported silicon dichlorides species and novel dichlorides herein. In
addition, single crystal X-ray diffraction was employed to elucidate the molecular structure of
all solid diorgano silicon dichlorides. These compounds display non-covalent intermolecular
interactions in the form of edge to face, π–π stacking, and CH3···π interactions. Dependency
of substituent type on the nature of interactions present will be highlighted and discussed.
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SYNTHESIS AND CHARACTERIZATION OF DIARYL SILICON DICHLORIDES 1981

INTRODUCTION

Organosilicon halides are one of the most important groups of functional organosi-
lanes and, through a vast variety of substitution reactions, are versatile precursors to diverse
organosilicon derivatives.1 Diorgano dichlorosilanes are also the most popular precursor
compounds to create functionalized oligo- and polyorganosilanes.1 Oligo- as well as polysi-
lanes, with their unbroken chains of catenated silicon atoms, are the prototypical-conjugated
systems. They can be regarded as one-dimensional analogs to elemental silicon, on which,
of course, nearly all of modern electronics is based. Delocalization of the σ -electrons in
the Si–Si bonds gives the polysilanes unique optoelectronic properties2 that have already
led to recent applications concerning the high room temperature luminescence.3 Due to the
high affinity of silicon to oxygen, the silicon halides are usually easily hydrolyzed by water
or alcohols, leading to the corresponding (poly-)silanols. The chemistry of polysilanols is
extensive and is of particular importance in the silicone polymer industry and sol gel pro-
cessing, though there is also a growing interest in other applications, like anion-recognition
by silanediol-based receptors4–6 or silanediol protease inhibitors.7,8 In addition, treatment
of organochlorosilanes with LiAlH4 leads to hydrogen rich silanes, which have shown to
serve as important substrates for many applications, such as the single-source precursors in
CVD processes, as monomeric substrates for sigma-bond metathesis and hydrosilylation,
as well as ligands for transition metal catalysts. Furthermore, hydrogen rich silanes are
used to generate polysilanes via dehydrogenative coupling.9–12

Despite recent interests in arylchlorosilane chemistry, there is a considerable lack
of experimental data. For instance, 29Si NMR spectroscopy was established in the early
sixties,13 but did not become conventional until the late eighties. Consequently, despite
many compounds being presented in literature, 29Si NMR shifts are not reported and there
is no information on effects of the bulk of the aryl substituent on NMR behavior. In addition,
only a few crystal structures of dichlorosilanes have been published thus far;14–17 therefore,
there is little information on how the substituent affects the solid state structures of these
compounds. In particular, the presence of stabilizing factors in the form of non-covalent
secondary interactions including π−π stacking, edge to face, or CH3···π interactions
attributed to the nature of the aromatic substituents in the solid state has not been reported.

Figure 1 Target molecules. 29Si NMR shifts published for compounds R = phenyl18 and R = mesityl.19
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1982 J. BINDER ET AL.

For this reason, novel and previously published organosilicon dichlorides have been
synthesized in which the silicon atom is bonded to either an sp3 carbon (Figure 1, Com-
pounds 1 and 2) or bonded directly to an sp2 carbon of an aromatic system (Figure 1, Com-
pounds 3–11) with increasing steric demand of the substituent. 29Si NMR spectroscopy
supplemented by DFT calculations was performed and the effect of substituent bulk on
shifts was examined for all novel species and for published compounds where 29Si NMR
data had not been reported. Solid state structures of presented compounds display inter-
molecular interactions and are highlighted and discussed.

RESULTS AND DISCUSSION

Synthesis

For both novel and previously synthesized dichlorides (Figure 1) presented, a lithi-
ation reaction (General Procedure A) was preferred over published procedures.20–22 In a
typical experiment, the aryl/alkyl bromide was reacted with n-BuLi at −78◦C in Et2O
(Scheme 1). The solution was transferred via cannula to SiCl4, in ether, cooled to 0◦C. Salt
formation was observed and the reaction stirred.

Scheme 1 General synthetic procedures A and B towards silicon dichlorides. R = benzyl (1), fluorenyl (2), p-tolyl
(3), m-tolyl (4), o-tolyl (5), p-n-butylphenyl (6), p-biphenyl (7), 1-naphthyl (8), 2,4-xylyl (9), 9-anthrachenyl (10),
2,6-xylyl (11).

In the case of the fluorenyl substituent, lithiation of the aryl bromide did not re-
sult in the desired compound but rather formation of product mixtures including fluorene.
However, direct lithiation of fluorene at 0◦C resulted in formation of pure fluorenyl2SiCl2
(2). 9-Anthracenyl2SiCl2 (10) was prepared similar to literature;23 however, despite several
attempts, the pure compound could not be isolated. Compound 10 was purified by sublima-
tion to remove anthracene as a major byproduct, which led to a melting point of 161–162◦C,
which is notably higher than the one presented in literature, reported at 128◦C.23

Due to availability of the appropriate Grignard for compounds p-n-butylphenyl2SiCl2
(6) and p-biphenyl2SiCl2 (7), a Grignard reaction was used for compound formation. In this
route, the Grignard was added to a solution of SiCl4 in Et2O cooled to 0◦C. The reaction
was stirred for 4 h and allowed to warm to room temperature. Et2O was removed and the
resulting residue was redissolved in hot toluene. Insoluble salts were removed via filtration
and washed with hot toluene.

To obtain benzyl2SiCl2 (1) general procedure B was used. As already stated in ear-
lier publications, preparation of the dichlorosilane using benzyllithium leads mainly to
the coupling product dibenzyl. This is caused by the reactivity of benzyllithium and the
ease with which benzyl halides undergo displacement of the halide ion by organometallic
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SYNTHESIS AND CHARACTERIZATION OF DIARYL SILICON DICHLORIDES 1983

Table 1 Experimental and M06L/Iglo-II calculated 29Si NMR shifts of diorgano dichlorosilanes in C6D6.
calc = calculated; exp = experimental

R2SiCl2R = 29Siexp [ppm] 29Sicalc [ppm]

Benzyl 22.72 26.7
Fluorenyl 17.33 22.3
Phenyl18 6.20 8.7
p-Tolyl 6.65 8.7
m-Tolyl 6.37 9.6
3,5-Xylyl25 Not reported 9.2
o-Tolyl 6.57 10.0
p-n-Butylphenyl 6.49 7.8
p-Biphenyl 6.24 7.8
1-Naphthyl 7.58 11.6
2,4-Xylyl 7.23 11.0
9-Anthracenyl 3.02 8.4
2,6-Xylyl 2.08 7.6
Mesityl19 4.30 7.5

compounds.24 For all solid compounds, recrystallization from toluene, pentane, or Et2O
afforded crystals suitable for single crystal X-ray diffraction studies. In some cases, com-
pounds were first purified via distillation under reduced pressure to remove mono- or
trisubstituted byproducts (benzyl, o-tolyl, 2,4-xylyl, 2,6-xylyl).

29Si NMR: Experimental and Calculated Data

29Si NMR measurements were performed with relaxation delay times ranging from
25 to 60 sec, with the sterically hindered compound 9-anthracenyl2SiCl2 (10) requiring the
longest delay (Table 1). For compounds bearing a proton in position ortho to the silicon,
population transfer pulse programs such as DEPT were used for measurement.

Benzyl2SiCl2 (1) exhibits the largest low field shift in the row of presented com-
pounds followed by the cyclopentadienyl-like fluorenyl2SiCl2 (2). As expected, when sil-
icon is bonded to an sp2 hybridized carbon these are shifted to higher fields compared to
usual silicon organic variety with an sp3 hybridized carbon. 1-Naphthyl2SiCl2 (8) with only
one proton in β-position of the rather planar naphthyl group shows a slightly downfield
shift compared to the phenyl derivatives with a substituent in the para position. The sub-
stitution on the phenyl ring with a methyl group in ortho-, meta-, or para-position does

Table 2 Selected bond lengths and angles for presented silicon dichlorides

Space group Si–C (Å)(avg.) Si–Cl (Å)(avg.)
C–Si–C

(◦)
Cl–Si–Cl

(◦)

Benzyl2SiCl2 (1) P21/n 1.857(3) 2.081(2) 113.53(1) 107.04(4)
Fluorenyl2SiCl2 (2) P-1 1.878(4) 2.059(4) 117.65(5) 105.01(2)
o-Tolyl2SiCl2 (5) P21/c 1.858(3) 2.065(3) 116.94(2) 104.79(5)
1-Naphthyl2SiCl2 (8) P21/n 1.859(3) 2.063(2) 116.84(10) 106.18(4)
2,4-Xylyl2SiCl2 (9) P-1 1.858(3) 2.059(2) 118.15(9) 104.95(4)
2,6-Xylyl2SiCl2 (11) P-1 1.877(2) 2.069(2) 113.72(7) 102.66(3)
Mesityl2SiCl2 16 P-1 1.875(2) 2.064(2) 113.42(8) 102.96(4)
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1984 J. BINDER ET AL.

Table 3 List of non-covalent interactions for presented silicon dichlorides; d = distance between planes (Å),
R = offset

π–π Stacking (Å)

d R Edge to face (Å) CH3···π (Å) C–H···Cl (Å)

Benzyl2SiCl2 (1) 3.13 3.14
Fluorenyl2SiCl2 (2) 3.353.53 0.961.23 2.84
o-Tolyl2SiCl2 (5) 2.69 − 3.07
1-Naphthyl2SiCl2 (8) 3.583.60 1.541.23 2.95 2.91
2,4-Xylyl2SiCl2 (9) 3.26 2.99
2,6-Xylyl2SiCl2 (11) 3.45 1.46 3.24 2.99

not show a clear trend, but all exhibit a similar shift in the range of 6.5 ppm. Unexpect-
edly, 2,4-xylyl2SiCl2 (9) shows a slight downfield shift compared to the meta-substituted
phenyl. Introduction of a second group in the ortho position as in 2,6-xylyl2SiCl2 (11)
and mesityl2SiCl2 or 9-anthracenyl2SiCl2 (10) leads to increased shielding towards silicon,
expressed by a notably high field shift. The DFT calculated 29Si NMR chemical shifts are

Figure 2 Crystal packing diagram for 1-naphthyl2SiCl2 (8). π−π stacking interactions highlighted by dashed
bonds. All non-carbon atoms shown as 30% shaded ellipsoids. All hydrogen atoms, edge to face and C−H···Cl
interactions removed for clarity.
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SYNTHESIS AND CHARACTERIZATION OF DIARYL SILICON DICHLORIDES 1985

Figure 3 Crystal structure and crystal packing diagram of fluorenyl2SiCl2 (2). All non-carbon atoms shown
as 30% shaded ellipsoids. All hydrogen atoms except the hydrogen on the methylene carbon on the fluorenyl
substituent and not involved in intermolecular interactions removed for clarity. π−π stacking and C−H···Cl
interactions highlighted by dashed bonds. All non-carbon atoms shown as 30% shaded ellipsoids.

all only +2 ppm to +5.4 ppm higher than the observed peaks. This agreement between
measured and DFT calculated 29Si NMR chemical shifts is exceptionally good with the
maximum deviation of +5.4 ppm in the case of the 9-anthracenyl substituted compound
10.

X-Ray Crystallography

Solid state structures of compounds 1, 2, 5, 8, 9, 11 were obtained through re-
crystallization of powders obtained. Despite several attempts, X-ray quality crystals of
anthracenyl2SiCl2 (10) could not be isolated. In each case, the silicon atom is found in a

Figure 4 Crystal packing diagram for 2,6-xylyl2SiCl2 (11). CH3···π and C−H···Cl interactions highlighted
by dashed bonds. All non-carbon atoms shown as 30% shaded ellipsoids. Hydrogen atoms not involved in
intermolecular interactions removed for clarity.
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1986 J. BINDER ET AL.

distorted tetrahedral environment bound to two chlorine atoms and two substituents. Table 2
summarizes average bond lengths and angles for presented compounds and comparable sil-
icon dichlorides.

With respect to averaged Si–C and Si–Cl bond lengths, these fall within a narrow
range of 1.86–1.88 and 2.06–2.08 Å respectively (Table 2), and are seemingly not affected
by the degree of bulkiness afforded by the organic substituent on silicon. Due to the
higher electronegativity of the chlorine substituent versus the aryl substituent, Cl–Si–Cl
angles are more narrow than the C–Si–C angles due to Bent’s rule.26 However, the position
of methyl substitution on the aryl ring also seems to have an influence on the C–Si–C
and Cl–Si–Cl angles; depending on the position of methyl substitution on the aryl ring,
the angles around the silicon atom are varying considerably. Both o-tolyl2SiCl2 (5) and
2,4-xylyl2SiCl2 (9) display Cl–Si–Cl angles of 104.79(5)◦ and 104.95(4)◦ respectively,
while the additional methyl group in the aryl moiety of 2,6-xylyl2SiCl2 (11) (102.66(3)◦)
and mesityl2SiCl2 (102.96(4)◦) results in more narrow angles. This is a direct result of
increased steric repulsion from substituents on the ortho position of the aryl moiety on the
chlorine atoms. In addition, the C–Si–C angles in 2,6-xylyl2SiCl2 (11) (113.72(7)◦) and
mesityl2SiCl2 (113.42(8)◦) are much narrower than seen for the other presented dichlorides
coinciding with the aforementioned added steric demand of the methyl groups on the 2-
and 6-position on the chlorine atoms. This added stress is not seen in 1-naphthyl2SiCl2 (8),
which displays a wider Cl–Si–Cl (106.18(4)◦) and a C–Si–C angle (116.84(10)◦) similar
to that of o-tolyl2SiCl2 (5).

While the molecular structure of these aryl silicon dichlorides is unexceptional, the
extended solid state structure of these compounds displays noteworthy aromatic secondary
interactions. Specifically, interactions attributed to the nature of the aromatic substituents
including π−π stacking, edge to face, or CH3···π interactions are present. These stabilizing
factors have been rarely discussed for silicon dichloride species in the solid state due to lack
of representative examples. All aromatic non-covalent interactions present in the dichloride
species included in this publication are within acceptable ranges found in biological and
organic systems27–29 and are similar to those found for a series of aryl substituted tin halides
and hydrides.30, 31 These stabilizing interactions are described and compared to those present
in previously reported species (Table 3). In addition, several of these compounds exhibit
close C−H···Cl interactions ranging from 2.84 to 2.99 Å.

1-Naphthyl2SiCl2 (8) (Figure 2) shows a π−π stacking conformation in the solid
state, where the molecules are arranged in a way to maximize these interactions creating
infinite columns of parallel stacked planar naphthyl derivatives with a specific distance
(d = 3.58 and 3.60 Å) between the ring centers. They are also found to be parallel-
displaced to each other with a certain off-set (R = 1.54 and 1.23; Table 3). These values
are in accordance to reported ranges of 3.4−3.6 Å for benzene28 or 3.35 Å in graphite32

and has been described for related aryl tin species.30,31 π−π stacking interactions are also
observed for 2,6-xylyl2SiCl2 (11) (d = 3.45 Å, R = 1.46).

The planar fluorenyl substituents in the molecular structure of fluorenyl2SiCl2 (2)
(Figure 3) adopt a parallel orientation, which also allows for the presence of intramolec-
ular π−π stacking (d = 3.35 Å, R = 0.96). The stacked fluorenyls then interact with a
neighboring molecule through more π−π stacking (d = 3.53 Å, R = 1.23) resulting in
π -stacked oligomeric chains (Figure 3). Similar solid state interactions have been described
for compounds resulting from the anionic initialized polymerization of dibenzofulvene33

and similar π−π stacking distances are also observed in the molecular structures of silicon
fluorenyl derivatives.34, 35
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While edge to face interactions are exclusively present in the extended solid state
structure of o-tolyl2SiCl2 (7) (2.69−3.07 Å) consistent with the availability of phenyl
hydrogens, they are also seen in benzyl2SiCl2 (1), 2,4-xylyl2SiCl2 (9), and 1-naphthyl2SiCl2
(8) (Table 3). The addition of a methyl group onto the aryl substituent of 2,4-xylyl2SiCl2
(9) results in CH3···π interactions (2.99 Å) through the methyl in the 4-position. Methyl
addition at the 6-position in 2,6-xylyl2SiCl2 (11) results in infinite chains propagated
through both π−π stacking (d = 3.45 Å, R = 1.46) and CH3···π interactions (3.24 Å;
Figure 4). In the benzyl2SiCl2 (1) species, neighboring molecules orient so as to maximize
CH3···π interactions from one of the methanide (CH2−Ph) hydrogens with the phenyl
substituent of the other compound (3.14 Å).

CONCLUSION

A series of dichloro silanes was synthesized via two general reaction pathways
and characterized through single crystal X-ray diffraction. In all cases, crystallographic
analysis in the extended solid state structures of these compounds reveals highly interesting
structural motifs displaying a dependency of the secondary interactions that arise as a
consequence of the nature of the substituent on silicon. Both experimentally obtained and
DFT M06L/Iglo-II/mPW1PW91/6-31+G∗ calculated 29Si NMR shifts agree exceptionally
well with absolute deviations between +2 and +7 ppm. The obtained compounds provide
promising starting materials for novel polymers as well as for further reactions.

EXPERIMENTAL

Materials and Methods

All reactions, unless otherwise stated, were carried out using standard Schlenk line
techniques under nitrogen atmosphere, using oven-dried glassware. All dried and deoxy-
genated solvents were obtained from a solvent drying system (Innovative Technology Inc.).
C6D6 was distilled over sodium and stored under nitrogen. SiCl4 was purchased from
ABCR and distilled before use. All other chemicals from commercial sources were utilized
without further purification. Melting point measurements were carried out by three-fold
determination with a Stuart Scientific SMP 10 (up to 300◦C). Degassed H2SO4 (10%) was
diluted with deionized water. GC-MS measurements were performed on an Agilent Tech-
nologies GC system (column: HP-5MS) with mass selective detector Type Agilent 5975C
using EI at 70 eV.

NMR Spectroscopy

1H (300.22 MHz), 13C (75.5 MHz), and 29Si (59.64 MHz) NMR spectra were recorded
on a Mercury 300 MHz spectrometer from Varian at 25◦C. Chemical shifts for 1H, 13C, and
29Si were recorded in parts per million with either TMS (0.00 ppm), CDCl3 (7.26 ppm for
1H or 77.0 ppm for 13C), or C6D6 (7.16 ppm for 1H or 128.0 ppm for 13C) as a reference.
Coupling constants (J) are reported in Hertz (Hz).
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SYNTHESIS AND CHARACTERIZATION OF DIARYL SILICON DICHLORIDES 1989

Crystal Structure Determination

All crystals suitable for single crystal X-ray diffractometry were removed from a
Schlenk flask and immediately covered with a layer of silicone oil. A single crystal was
selected, mounted on a glass rod on a copper pin, and placed in the cold N2 stream
provided by an Oxford Cryosystems cryostream. XRD data collection was performed on
a Bruker APEX II diffractometer with use of Mo Kα radiation (λ = 0.71073 Å) and a
CCD area detector. Empirical absorption corrections were applied using SADABS.36 The
structures were solved with use of either direct methods or the Patterson option in SHELXS
and refined by the full-matrix least-squares procedures in SHELXL.37,38 The space group
assignments and structural solutions were evaluated using PLATON.39,40 Non-hydrogen
atoms were refined anisotropically. All other hydrogen atoms were located in calculated
positions corresponding to standard bond lengths and angles. Intermolecular interactions
for presented and published compounds were determined by the calculation of centroids and
planes feature of the programs Mercury41 and Diamond.42 Table 4 contains crystallographic
data and details of measurements and refinement for compounds 1, 2 and 5, 8, 9, 11. (CCDC
1053138–1053143). CCDC 1053138–1053143 contain the supplementary crystallographic
data for presented compounds, respectively. These data can be obtained free of charge from
The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.

Computational Details

All calculations have been carried out using the Gaussian09 program package43 on
a computing cluster with blade architecture. The mPW1PW91 hybrid functional44 has
been used together with the 6-31+G∗ basis sets for geometry optimizations and vibra-
tional frequency calculations. Magnetic shieldings have been obtained using the M06L
functional45 in combination with IGLO-II basis sets.46 The magnetic shielding of tetram-
ethylsilane (σ (Si) = 372.7 ppm) obtained at the same level of theory was used as reference
for calculating 29Si NMR chemical shifts.

Synthesis

General Procedure A for R2SiCl2: Compounds 2–5 and 8–11. A flask fur-
nished with a dropping funnel was charged with the aryl/alkylbromide in Et2O. n-BuLi
(1.6 M in hexane) diluted with Et2O was added dropwise at −78◦C. After addition, the
reaction was kept at −78◦C for 10 min and was then allowed to warm to room temperature
and stirred for 30 min. The solution was transferred via cannula to SiCl4 dissolved in Et2O
at 0◦C. The reaction was stirred for 2 h and was allowed to warm to room temperature. The
solvent was removed under reduced pressure and the residue dissolved in boiling toluene.
Insoluble salts were removed via filtration through cellite and washed with hot toluene. The
solvent from the resulting clear solution was removed under reduced pressure, followed by
purification via distillation or recrystallization.

Fluorenyl2SiCl2 (2). Fluorene (0.94 g, 5.5 mmol) was dissolved in Et2O (20 mL).
The solution was cooled to 0◦C and n-BuLi (3.6 mL 1.6 M in hexane, 5.7 mmol, 1.1
equiv.) was added dropwise via syringe. The resulting orange solution was stirred for 1 h at
room temperature. Completeness of lithiation was monitored by 1H NMR. Et2O (20 mL)
was added to the solution followed by slow addition of SiCl4 (0.314 mL, 2.76 mmol, 0.5
equiv.) at 0◦C. The resulting cloudy yellow solution was stirred for 4 h. Et2O was removed
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under reduced pressure and the residue dissolved in boiling toluene. Insoluble salts were
removed via filtration through cellite and washed with hot toluene. The resulting clear
solution was concentrated under reduced pressure. Crystals suitable for X-ray diffraction
analysis were grown at room temperature. Yield 60% (0.71 g, 1.6 mmol), mp = 173◦C. 1H
NMR (300 MHz, CDCl3) δ 7.58 (d, J = 7.6 Hz, 1H), 7.45 (d, J = 7.7 Hz, 1H), 7.25 (t, J =
7.5 Hz, 2H), 7.07 (t, J = 7.5 Hz, 1H), 4.16 (s, 1H). 13C NMR (75.5 MHz, CDCl3) δ 141.4,
139.9, 126.9, 126.4, 125.2, 120.2, 43.0 ppm. 29Si NMR (59.64 MHz, C6D6): δ 17.33 ppm.
MS (70 eV, m/z) = 428 (M+).

p-Tolyl2SiCl2 (3). 4-Bromotoluene (17.5 mL, 142 mmol, 1 equiv.) in Et2O
(150 mL). Addition of n-BuLi (97.76 mL 1.6 M in hexane, 156 mmol, 1.1 equiv.). SiCl4
(8.16 mL, 71 mmol, 0.5 equiv.) in Et2O (100 mL). Purification by distillation. Yield 62%
(12.4 g, 44 mmol) of colorless liquid. bp (obs.) = 110–112◦C (0.4 mbar).20 1H NMR
(300 MHz, C6D6): δ 7.67 (d, J = 7.6 Hz, 4H), 6.93 (d, J = 7.5 Hz, 4H), 2.00 (s, 6H) ppm.
13C NMR (75.5 MHz, C6D6): δ 142.2, 134.6, 129.4, 129.2, 21.5 (CH3) ppm. 29Si NMR
(59.64 MHz, C6D6): δ 6.65 ppm. MS (70 eV, m/z) = 280.1 (M+).

m-Tolyl2SiCl2 (4). 3-Bromotoluene (99%) (14.27 mL, 83 mmol, 1 equiv.) in Et2O
(100 mL). Addition of n-BuLi (56.8 mL, 1.6 M in hexane, 91 mmol, 1.1 equiv.) in Et2O
(20 mL). SiCl4 (4.73 mL, 41 mmol, 0.5 equiv.) in Et2O (80 mL). Purification by distillation.
Yield 36% (4.17 g, 15 mmol) of colorless liquid. bp = 140–143◦C (3 mbar).47 1H NMR
(300 MHz, C6D6): δ 7.65 (s, 2H), 7.58 (d, J = 7.0 Hz, 2H), 7.10 (t, J = 7.4 Hz, 2H),
7.03 (d, J = 7.2 Hz, 2H), 2.04 (s, 6H) ppm. 13C NMR (75.5 MHz, C6D6): δ 138.8, 134.9,
132.9, 132.3, 131.6, 128.7, 21.5 (CH3) ppm. 29Si NMR (59.64 MHz, C6D6): δ 6.4 ppm.
MS (70 eV, m/z) = 280.0 (M+).

o-Tolyl2SiCl2 (5). 2-Bromotoluene (12.8 mL, 106 mmol, 1 equiv.) in Et2O
(150 mL). Addition of t-BuLi (73.2 mL, 1.6 M in hexane, 117 mmol, 1.1 equiv.) in
Et2O (20 mL). SiCl4 (6.1 mL, 53 mmol, 0.5 equiv.) in Et2O (100 mL). Purification by
distillation. Crystals suitable for X-ray diffraction analysis were grown from toluene at
4◦C. Yield 67% (10.0 g, 36 mmol). mp = 74–75◦C. bp (obs.) = 114–116◦C (0.4 mbar).
1H NMR (300 MHz, C6D6): δ 7.95 (dd, J = 7.5, 1.5, 2H), 7.08 (td, J = 7.5, 1.5, 2H),
6.98 (td, J = 7.5, 0.5, 2H), 6.85 (dd, J = 7.6, 0.5, 2H), 2.24 (s, 6H) ppm. 13C NMR
(75.5 MHz, C6D6): δ 144.0, 135.6, 132.2, 131.3, 131.1, 126.0, 22.8 (CH3) ppm. 29Si NMR
(59.64 MHz, C6D6): δ 6.57 ppm. MS (70 eV, m/z) = 280.0 (M+).

1-Naphthyl2SiCl2 (8). 1-Bromonaphthalene (36.56 g, 176.5 mmol, 1 equiv.) in
Et2O (250 mL). Addition of n-BuLi (121.34 mL, 1.6 M in hexane, 194.2 mmol, 1.1 equiv.)
in Et2O (70 mL). SiCl4 (10.14 mL, 88.2 mmol, 0.5 equiv.) in Et2O (200 mL). Crystals
suitable for X-ray diffraction analysis could be grown from toluene at room temperature.
Yield: 76% (23.7 g, 67 mmol). mp = 138–139◦C. 1H NMR (300 MHz, C6D6): δ 8.59–8.50
(m, 2H), 8.14 (d, J = 6.9, 2H), 7.60 (d, J = 8.1, 2H), 7.55–7.47 (m, 2H), 7.14–7.01 (m,
6H) ppm. 13C NMR (75.5 MHz, C6D6): δ 136.1, 135.6, 133.7, 133.0, 129.7, 129.1, 127.9,
126.9, 126.1, 124.9 ppm. 29Si NMR (59.64 MHz, C6D6): δ 7.58 ppm. MS (70 eV, m/z) =
352.1 (M+).

2,4-Xylyl2SiCl2 (9). 2,4-Xylylbromide (18.1 g, 97.7 mmol, 1 equiv.) in Et2O
(50 mL). Addition of n-BuLi (67.17 mL, 1.6M in hexane, 107 mmol, 1.1 equiv.) in Et2O
(40 mL). SiCl4 (5.61 mL, 48.8 mmol, 0.5 equiv.) in Et2O (70 mL). 2,4-XylylSiCl3 could be
identified as byproduct and was removed under vacuum (distillation). Yield 46% (6.94 g,
22.5 mmol) of slightly yellow oil. Colorless crystals suitable for X-ray diffraction analysis
were grown from the neat solution at 4◦C. mp = 60–62◦C. 1H NMR (300 MHz, C6D6): δ
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SYNTHESIS AND CHARACTERIZATION OF DIARYL SILICON DICHLORIDES 1991

7.67 (d, J = 7.7, 2H), 6.75 (d, J = 7.7, 2H), 6.68 (s, 2H), 2.42 (s, 6H), 1.99 (s, 6H) ppm.
13C NMR (75.5 MHz, C6D6): δ 143.5, 141.9, 135.4, 131.66, 126.3, 22.4 (CH3), 20.9 (CH3)
ppm. 29Si NMR (59.64 MHz, C6D6): δ 7.23 ppm. MS (70 eV, m/z) = 308.1 (M+).

9-Anthracenyl2SiCl2 (10). 9-Bromoanthracene (6 g, 23 mmol, 1 equiv.) in Et2O
(50 mL) and THF (50 mL). Addition of n-BuLi (16 mL, 1.6 M in hexane, 26 mmol, 1.1
equiv.). SiCl4 (1.33 mL, 12 mmol, 0.5 equiv.) in Et2O (50 mL). Purification by vacuum
sublimation at 60◦C (0.04 mbar) to remove anthracene as major byproduct. Yield 35%
(1.84g, 4.1 mmol) of yellow solid. mp = 161–162◦C. 1H NMR (300 MHz, C6D6): δ 8.98
(d, J = 8.9, 4H), 8.21 (s, 2H), 7.67 (d, J = 9.0, 4H), 7.07–6.97 (m, 4H), 6.97–6.84 (m,
4H) ppm.13C NMR (75.5 MHz, C6D6): δ 136.5, 134.0, 131.8, 129.7, 128.1, 126.7, 125.3,
119.7 ppm. 29Si NMR (59.64 MHz, C6D6): δ 3.02 ppm. MS (70 eV, m/z) = 452.03 (M+).48

2,6-Xylyl2SiCl2 (11). 2,6-Xylylbromide (24.0 g, 129 mmol, 1 equiv.) in Et2O
(100 mL). Addition of n-BuLi (97.31 mL, 1.6 M in hexane, 155 mmol, 1.2 equiv.) in Et2O
(50 mL). SiCl4 (7.45 mL, 64.9 mmol, 0.5 equiv.) in Et2O (100 mL). Small amount of 2,6-
xylylSiCl3 could be identified as byproduct and was removed under vacuum (distillation).
Crystals suitable for X-ray diffraction analysis could be grown from pentane at room
temperature. Yield: 73% (14.65 g, 47.3 mmol). mp = 85◦C. 1H NMR (300 MHz, C6D6):
δ 6.97 (t, J = 7.6, 2H), 6.75 (d, J = 7.5, 4H), 2.42 (s, 12H) ppm. 13C NMR (75.5 MHz,
C6D6): δ 143.4, 133.9, 131.1, 129.7, 24.5 (CH3) ppm. 29Si NMR (59.64 MHz, C6D6): δ

2.08 ppm. MS (70 eV, m/z) = 308.1 (M+).
General Procedure B for R2SiCl2: Compounds 1, 6, and 7. A flask equipped

with a dropping funnel and a reflux condenser was charged with Mg in THF (or Et2O). The
dropping funnel was charged with the arylbromide in THF. After addition of approximately
10% of the aryl bromide to the Mg, the solution was carefully heated to start the reaction.
The aryl bromide was subsequently added slowly. After complete addition, the reaction was
refluxed for 2–12 h, until complete consumption of magnesium. The content of Grignard
reagent was determined by diluting small volume of the solution with deionized water and
titration with 1M HCl using phenolphthalein as indicator. The Grignard solution was slowly
added to SiCl4 in THF (or Et2O) at 0◦C. The reaction was stirred for 4 h and was allowed
to warm up to room temperature. The solvent was removed under reduced pressure and
the residue dissolved in boiling toluene. Insoluble salts were removed via filtration through
cellite and washed with hot toluene. The solvent of the resulting clear solution was removed
under reduced pressure, followed by purification via distillation or recrystallization.

Benzyl2SiCl2 (1). Mg (2.63 g, 108 mmol, 1 equiv.) in Et2O (100 mL). Addition of
benzylbromide (13 mL, 108 mmol, 1 equiv.) in Et2O (40 mL). 2 h reflux. SiCl4 (6 mL,
52 mmol, 0.5 equiv.) in Et2O (80 mL). Purification by distillation. Crystals suitable for
X-ray diffraction analysis were grown from toluene at 4◦C. Yield 38% (5.9 g, 21 mmol).
mp = 50–51◦C. bp (obs.) = 103–107◦C (0.4 mbar).49 1H NMR (300 MHz, CDCl3): δ

7.3–7.1 (m, 10H, Ar-H), 2.60 (s, 4H, Si-CH2-Ar) ppm. 13C NMR (75.5 MHz, C6D6): δ

134.1, 129.4, 128.8, 126.1, 28.8 (CH2) ppm. 29Si (59.6 MHz, C6D6): δ 22.72 ppm. MS
(70 eV, m/z) = 280.1 (M+).

p-n-Butylphenyl2SiCl2 (6). Mg (2.03 g, 83.6 mmol, 1.1 equiv.) in Et2O (100 mL).
Addition of 1-bromo-4-n-butylbenzene (13.46 mL, 76.3 mmol, 1 equiv.) in Et2O (50 mL).
SiCl4 (4.38 mL, 38 mmol, 0.5 equiv.) in Et2O (80 mL). Purification by distillation. Yield
38% (10.5 g, 29 mmol). bp = 193–195◦C (0.7 mbar).3 1H NMR (300 MHz, C6D6): δ

7.83–7.64 (m, 4H), 7.17–6.97 (m, 4H), 2.56–2.33 (m, 4H), 1.57–1.37 (m, 4H), 1.31–1.13
(m, 4H), 0.85 (t, J = 7.3, 6H) ppm. 13C NMR (75.5 MHz, CDCl3): 13.9, 22.4, 33.3, 35.8,
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128.5, 129.0, 134.1, 147.0 ppm.50 29Si NMR (59.64 MHz, C6D6): δ 6.49 ppm. MS (70 eV,
m/z) = 364.1 (M+).

p-Biphenyl2SiCl2 (7). Mg (2.5 g, 103 mmol, 1.1 equiv.) in Et2O (80 mL). Addi-
tion of 1-bromo-4-phenylbenzene (16.0 mL, 94 mmol, 1 equiv.) in Et2O (50 mL). SiCl4
(5.37 mL, 47 mmol, 0.5 equiv.) in Et2O (80 mL). Small amount of p-biphenyl SiCl3 could
be identified as byproduct and was removed under vacuum (distillation). Yield 53% (10.2 g,
25.2 mmol), mp = 96–98◦C. 1H NMR (300 MHz, C6D6): δ 7.03–7.15 (m, 5H), 7.35–7.5 (m,
4H) ppm. 13C NMR (75.5 MHz, C6D6): δ 145.0, 140.7, 135.1, 130.9, 129.2, 128.3, 127.6,
127.5 ppm. 29Si NMR (C6D6, 59.64 MHz): δ 6.24 ppm. MS (70 eV, m/z) = 404.1 (M+).
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