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Functional Group Variation in tert-Butyldiphenylsilanes
(TBDPS): Syntheses, Reactivities, and Effects on the
Intermolecular Interaction Pattern in the Molecular

Crystalline State

Jonathan O. Bauer,* Noel Angel Espinosa-Jalapa,”” Nicold Fontana,” Tobias Gétz,” and

Alexander Falk®

We present the preparation of tert-butyldiphenylsilanes differ-
ing in one functional group. The molecular structures of the
phenyl (3), methoxy (4), and amino derivatives (5) were
elucidated by single-crystal X-ray diffraction analysis and their
crystal packing investigated by Hirshfeld surface analysis along
with 2D fingerprint plots. In the all-C derivative 3, the high
symmetry dependence of the crystal packing enables a multi-
tude of directional C(methyl)—H--C(s) interactions between the
tert-butyl and phenyl groups. The methoxy derivative 4 is

Introduction

Chloro-, methoxy-, and amino-functionalized silanes represent
fundamentally important classes of compounds of considerable
preparative interest They are commonly used as surface
silylation reagents,”” in protecting group chemistry,”! and for
the provision of silanes with special functional and reactive
pattern.”! Small molecules that only differ in specific functional
groups are interesting model compounds to investigate both
the suitability of certain functional groups for targeted trans-
formations and the influence of heteroatoms on intra- and
intermolecular structural parameters in the crystalline state.”
This can also provide useful information for understanding
structure-reactivity relationships and for building more complex
functional molecular crystalline frameworks.” We recently
reported on the synthesis of monofunctionalized disiloxane
building blocks and their reactivity and chemoselectivity in
further transformations.”

Driven by this previous study” and by our interest in
structure-forming principles in molecular crystals,® we herein
focus on silanes exhibiting a bulky and rigid tert-butyldiphenyl-
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characterized by considerably short H--H contacts possibly
resulting from pre-orienting C(aryl)-H--O and C(aryl)—H--C()
hydrogen bonds. In the amino derivative 5, the nitrogen atom
is not involved in intermolecular interactions, instead dispersive
H--H contacts might become more important for the crystal
cohesion. These findings once again underline the pronounced
lone electron pair density transfer from the nitrogen atom
towards the silicon atom.

silyl (TBDPS) backbone (tBuPh,Si—R, R=Cl, Ph, OMe, NC,Hy). The
TBDPS moiety is a widely used effective and bulky protecting
group, as has already been impressively demonstrated in many
organic syntheses,” and became an integral part of new
catalyst designs."” Aryl-tert-butylfluorosilanes have gained
medical importance as 'F-labeled imaging agents in tumor
diagnostics." In recent years, the great importance of London
dispersion interactions between polarizable aliphatic groups in
molecular systems has been newly recognized"? with implica-
tions on various areas of research.® The study of interactions
that are generally considered weak is also of particular interest
for a deeper understanding of the structure of molecular
crystals. We therefore elaborated synthetic routes towards three
single-crystalline tert-butyldiphenylsilanes that are either all-C-
substituted (3: R=Ph) or exhibit a heteroatom function (4: R=
OMe; 5: R=NC,H;g) (Scheme 1). The reactivity of the TBDPS
derivatives towards lithiated regents was investigated. It was
then of interest how the functional group variation effects the
intermolecular interaction pattern in the molecular crystalline
state.

Results and Discussion

tert-Butylchlorodiphenylsilane (2), prepared from dichlorodiphe-
nylsilane (1) and tert-butyllithium, was chosen as adequate
precursor for the convenient synthesis of the all-C- (3), meth-
oxy- (4), and amino-functionalized (5) silanes (Scheme 1).
Reaction of compound 2 with phenyllithium in hexane gave
tert-butyltriphenylsilane (3) in good yield (729%). The methoxy-
and N-pyrrolidinyl-substituted derivatives 4 and 5 were synthe-
sized in isolated yields of 96% and 79%, respectively, by
solvolysis of compound 2 using methanol/triethylamine or an

1 © 2021 The Authors. European Journal of Inorganic Chemistry
published by Wiley-VCH GmbH
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Scheme 1. Synthesis of model silanes 3, 4, and 5 starting from tert-
butylchlorodiphenylsilane (2) to study structure-forming principles in the
molecular crystalline state.
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excess of pyrrolidine. An alternative procedure starting from
compound 2 using the lithium amide in place of the amine
gave compound 5 in 68% vyield (see procedure b in the
Experimental Section). In contrast to the chlorosilane (2), the
methoxysilane (4) proved to be very inert towards nucleophilic
attacks. The direct substitution of silicon-bound methoxy
groups by lithium amides is known and the stability of the
lithium methoxide by-product has been studied in detail,"® but
neither compound 3 nor compound 5 could be obtained from
methoxysilane 4 by direct nucleophilic substitution with the
corresponding lithiated reagents, not even after heating at
reflux in toluene for 24 hours.™ It is becoming more and more
evident that the reactivity of tert-butyl-substituted meth-
oxysilanes towards nucleophilic attacks with lithiated reagents
decreases dramatically as the degree of substitution increases,
in sharp contrast to the respective chlorosilanes."*¥ This is
therefore not only due to the steric shielding of the silicon
center, but also indicates differences in the substitution
mechanism depending on the nature of the leaving group."™
This reluctance of reactivity has recently also been observed for
mesityl-substituted methoxysiloxanes.” In the case of a secon-
dary carbon atom connected to silicon, a high reactivity can still
be found for methoxytriorganosilanes, as the easy substitution
reaction on a 2-(methoxydiphenylsilyl)pyrrolidine derivative
with phenyllithium shows.” Similar to the methoxysilane (4),
heating a solution of the aminosilane (5) and phenyllithium at
reflux in toluene for 15 hours showed no conversion to tert-
butyltriphenylsilane (3) (Scheme 1).

The TBDPS group was found to have excellent crystallization
properties for a variety of different R substituents. Compound 3
crystallized from dichloromethane/pentane at —30°C in the
trigonal crystal system, space group P3 with a symmetry-
dependent molecular structure (Z' < 1). Both compounds 4 and
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5 crystallized from pentane at —30°C in the triclinic crystal
system, space group P1 (Z=1) (Figure 1). Compounds 3-5
were then subjected to an in-depth study of their crystal
packing with regard to weak intermolecular interactions by
using state-of-the-art Hirshfeld surface analysis"® and by
analyzing the corresponding two-dimensional (2D) fingerprint
diagrams."” The corresponding Hirshfeld surfaces and addi-
tional 2D fingerprint plots resoved in specific intermolecular
contributions are shown in the Supporting Information.

Of all three compounds, the all-C derivative 3 shows the
closest C--H/H--C contacts with a proportion of 26.4% (4:
21.2%, 5: 17.0%). This is reflected by a considerable amount of
symmetry-equivalent C(methyl)—H--C(st) interactions with clos-
est contacts of 2.899 A (H8A--C6) and 2.942 A (H8B--C6), in
which the methyl groups act as C—H donors pointing almost
directly to a single m-bonded acceptor atom of a phenyl group
(Figure 2). This kind of directionality is characterized by the
spikes in the fingerprint diagram when it is resolved into C--H/
H--C contributions (see the Supporting Information). For
comparison, in tert-butylfluorodiphenylsilane,""® the shortes
H--C contacts also use the tert-butyl group as C—H donor and
can be attributed to edge-shifted C(methyl)—H--C(rt) contacts,
which, in addition to C—H--F-Si contacts, represent the most
important directional interactions in the fluorine derivative.
Although the C—H donor ability decreases in the series
C(sp)—H > C(sp)—H>C(sp®)—H,"¥ aliphatic C—H groups are
known to be significantly involved in stabilizing the crystal
structure via attractive C—H--mt interactions.’*'¥ Regarding the
nature of the interaction, it was found that C—H---7 interactions
are dominated by dispersion rather than electrostatic
contributions.”

The methoxy and amino derivatives 4 and 5 are quite
different in their intermolecular interaction pattern from those
of the phenyl analog 3 (Figure 1). Characteristic for the meth-
oxysilane 4 is the pronounced central spike (di=d.~1.1A)
(Figure 1, mid), which can be assigned to remarkably short H--H
contacts between methoxy groups (H17A--H17A 2.305 A) and
between phenyl groups (H6--H6 2.354 A) (see also the Support-
ing Information), which is in line with the generally accepted
van der Waals radii of either 1.2 A%" or 1.1 A?? for hydrogen.
Hydrogen--hydrogen contacts, which are still controversially
discussed,”” should be carefully considered when analyzing
attractive intermolecular interactions in molecular crystals.?”
Even though the contribution of O--H/H--O contacts in com-
pound 4 only amounts to 2.4%, they should not be neglected
in their important directional role for the crystal packing due to
their electrostatic nature."” The important role of this type of
weak hydrogen bonds®’ has also recently been strengthened
by the crystallographic analysis of the first ether solvate of
hexaphenyldistannane.®” The shortest C—H--O contact is
formed by the C3—-H3 bond (H3--0 2714 A, C3-0 3.363 A,
C3—H3--0 126.01°) with H--O and C--O distances close to the
sum of the van der Waals radii (Figure 3, left).*'?? The H10--C5
contact of the edge-shifted C—H--; interaction, although not
uncommonly short with 3.061 A, might be an additional
important anisotropic structure-defining contribution (for de-
tails concerning the directionality of this interaction, see also
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Figure 1. Molecular structures and 2D fingerprint plots (all contributions) of compounds 3, 4, and 5 in the crystal with the labeling scheme indicating the
asymmetric unit (displacement ellipsoids set at the 50% probability level). Selected bond lengths [A] and angles [°] of compound 3: C1-Si 1.8794(10), C7—Si
1.9090(18), C6—C1—C2 116.98(10). Selected bond lengths [A] and angles [°] of compound 4: C1-Si 1.8769(14), C7—Si 1.8812(15), C13—Si 1.8889(16), O-Si
1.6457(10), C17—-0 1.427(2), C6—C1—C2 116.93(13), C8—C7—C12 116.79(14), C17—0-Si 123.45(10). Selected bond lengths [A] and angles [°] of compound 5:
C1-Si 1.877(2), C7-Si 1.881(2), C13-Si 1.904(2), N-Si 1.7266(17), C6—C1—C2 116.7(2), C8—C7—C12 117.08(19), C17-N—C20 109.70(19), C17—N-Si 121.74(15),
C20-N-Si 125.41(18).

the Supporting Information). The molecular arrangement also
causes a short H--H contact between phenyl groups (H2--H2
2408 A) (Figure 3, left). Since we expect the anisotropic C—H--O
and C—H--C(m) contacts to be the strongest intermolecular
interactions in the crystal structure of 4, it can be assumed that
the short H--H contacts result from a favorable molecular pre-
orientation caused by C—H--O and C—H--w hydrogen bond-
driven supramolecular synthon formation,*® similar to the part
of the crystal structure shown in Figure 3 (left). Compared to
the previously and thoroughly investigated crystal structure of
(1-naphthyl)trimethoxysilane,®? it becomes apparent that the
anisotropic H--C and H--O contacts in compound 4 are less
pronounced, but H--H interactions are all the more important.
When considering the N-pyrrolidinyl-substituted compound
5, it is noticeable that the contribution of the nitrogen atom to
C—H--N hydrogen bonding is rather neglectible with 0.2%. As in
the methoxysilane 4, the amino derivative 5 also has a relatively
close C—H- interaction (H5--C10 3.115A) of presumably
structure-forming relevance (for details, see also the Supporting
Figure 2. Part of the crystal structure of compound 3 illustrating short Information). Since the pyrrolidinyl group now serves with
intermolecular distances in characteristic supramolecular synthon-like units additional C—H bonds, the missing C—H--heteroatom hydrogen
(displacement ellipsoids set at the 50% probability level). bonds in aminosilane 5 are apparently compensated by an
increased number of isotropic H--H interactions (82.8%), the
closest being found between H18B and H8 (2.318 A) and
between H18B and H17B (2.443 A) (Figure 3, right). The N-Si
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Figure 3. Part of the crystal structure of compounds 4 (left) and 5 (right) illustrating short intermolecular distances in characteristic supramolecular synthon-

like units (displacement ellipsoids set at the 50% probability level).

bond length [1.7266(17) A] in 5 is a little longer than in
pyrrolidinyl-substituted molecules with an NSiN®” or NSiO"*
pattern. The planarization around the nitrogen atom [sum of
angles: 356.9(5)°] is also somewhat less pronounced in 5, which
might be due to the missing interplay of lone electron pairs of
two silicon-heteroatom bonds. Nevertheless, the delocalization
of the lone-pair electron density that is typical for N-silylamines
can also be seen here.”” This is supported by the fact that the
nitrogen atom is not to any significant extent involved in
hydrogen bonding in the crystal structure.

Conclusions

In summary, we presented three single-crystalline tert-butyldi-
phenylsilanes that differ in one functional group. They can be
viewed as simplified molecular model systems in order to
elucidate straightforward transformations on bulky silanes and
to reveal the effect of functional group variation on structure-
forming principles in the molecular crystalline state. The meth-
oxysilane 4 differs greatly from the chlorosilane precursor 2 in
terms of its reactivity towards lithiated reagents. The analysis of
the molecular crystal packing of the TBDPS-substituted com-
pounds 3-5 gave detailed insights into the essential structure-
forming interactions. Remarkably, the tert-butyl group is
involved to a noteworthy extent in directional intermolecular
interactions exclusively in the all-C-substituted compound 3.
C(methyl)—H--C(rt) interactions are the most important struc-
ture-determining contacts in 3 and, due to the symmetry of the
crystal structure, exist in large numbers. The methoxy and
amino derivatives 4 and 5 both crystallize in the same space
group. Anisotropic C—H--O and C—H--x interactions could play a
key role in the pre-organization of supramolecular structural
units in compound 4 with considerably short H--H contacts as a
consequence. In silane 5, the C—H--w and H--H contacts are
generally somewhat widened due to the bigger heterocyclic
substituent, and dispersive interactions owing to the increased
number of C—H bonds are likely to play a greater role.
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Studies on reactivity and chemoselectivity using specially
functionalized molecular model systems provide valuable in-
sight into functional group tolerance in reactions that are useful
for preparative applications, e.g. for use as protecting groups in
organic synthesis. Understanding the basic pattern of weak
noncovalent interactions in the packing of molecular crystals
can be of great importance for the design of functional
molecular solids.

Experimental Section

General Remarks: All experiments were performed under an inert
atmosphere of purified nitrogen by using standard Schlenk
techniques. Glassware was heated at 140°C prior to use. Hexane,
pentane, and toluene were dried and degassed with a MBraun
SP800 solvent purification system. n-Butyllithium (2.5 M solution in
hexane, Merck KGaA), phenyllithium (1.9 M solution in dibutyl ether,
Merck KGaA), dichlorodiphenylsilane (98%, Merck KGaA), pyrroli-
dine (99%, Merck KGaA), and triethylamine (99%, Merck KGaA)
were used without further purification. tert-Butylchlorodiphenylsi-
lane (2),"** tert-butyltriphenylsilane (3),*" and tert-butylmeth-
oxydiphenylsilane (4)°%*? have been reported previously. Benzene-
ds used for NMR spectroscopy was dried over Na/K amalgam. NMR
spectra were recorded on a Bruker Avance 400 spectrometer
(400.13 MHz) at 25°C. Chemical shifts (0) are reported in parts per
million (ppm). 'H and "C{"H} NMR spectra are referenced to
tetramethylsilane (SiMe,, 0 =0.0 ppm) as external standard, with
the deuterium signal of the solvent serving as internal lock and the
residual solvent signal as an additional reference. #Si{'H} NMR
spectra are referenced to SiMe, (0 =0.0 ppm) as external standard.
For the assignment of the multiplicities the following abbreviations
were used: s=singlet, m=multiplet. High resolution mass spec-
trometry was carried out on a Jeol AccuTOF GCX and an Agilent Q-
TOF 6540 UHD spectrometer. Elemental analyses were performed
on a Vario MICRO cube apparatus.

X-ray Crystallography: Single-crystal X-ray diffraction analyses of
compounds 3 and 4 were performed on an Oxford Diffraction CCD
Xcalibur S diffractometer equipped with a Sapphire3 CCD detector
at 173(2) K using graphite-monochromated Mo-Ka radiation (1=
0.71073 A). Single-crystal X-ray diffraction analysis of compound 5
was performed on a SuperNova diffractometer equipped with a
Atlas CCD detector at 123(1) K using Cu-Ka radiation (1=

© 2021 The Authors. European Journal of Inorganic Chemistry published
by Wiley-VCH GmbH


https://doi.org/10.1002/ejic.202100342

Chemistry
Europe

European Chemical
Societies Publishing

Full Papers

Eur]JIC . ..
doi.org/10.1002/ejic.202100342

European Journal of Inorganic Chemistry

1.54184 A). Data collection and reduction were performed using
the CrysAlisPro software system, version 1.171.36.24 for 3 and 4,
and version 1.171.39.35c for 5.°%* The crystal structures were solved
with SHELXT 2018/2 using Olex2.%*?% The crystal structures were
refined based on F?> with the full-matrix least-squares method
(SHELXL-2018/3)52¥ using Olex2®"' and the SHELX program pack-
age as implemented in WinGX.®” A multi-scan absorption correc-
tion using spherical harmonics as implemented in SCALE3 ABSPACK
was employed.”? The non-hydrogen atoms were refined using
anisotropic displacement parameters. The hydrogen atoms were
located on the difference Fourier map and refined independently.
The Hirshfeld surfaces were mapped over d,,,, ranging from 0.0480
to 1.2517 (3), —0.0361 to 1.1988 (4), and 0.0178 to 1.5694 a.u. (5). d,
and d, in the 2D fingerprint diagrams are the distances from the
surface to the nearest atom interior and exterior to the surface,
respectively, and are each given in the range of 0.4 to 3.0 A. The
Hirshfeld surfaces and 2D fingerprint plots including Figure 1 and
Figures S1-S6 in the Supporting Information were created using
CrystalExplorer 17.5." Figure 2 and Figure 3 were created using
Mercury 4.1.0.4"

Crystal Data and Structure Refinement of 3: Colorless blocks,
0.40%0.20%0.20 mm?, C,,H,,Si, Mr=316.50 g-mol™", trigonal, space
group (Nr.) P3 (147), a=11.45153)A, b=11.45153) A, ¢=
7.8477(3) A, v=891.25(6) A}, Z=2, p=1179gm>, u=
0.130 mm™". 21651 reflections collected with @ in the range 2.595-
29.991°, index ranges —15 < h <16, =16 < k < 15, —=10 </ < 10,
1660 independent reflections (R;,,=0.0348), 102 parameters with 0
restraints gave final R indices R1=0.0357 and wR2=0.0932 [data
with | >20(/)]. R1=0.0422, wR2=0.0966 (all data), goodness-of-fit
on F2=1.081, largest electron density peak 0.385 e-A3, largest hole
—0226 e-A2.

Crystal Data and Structure Refinement of 4: Colorless blocks,
0.20x0.20x0.10 mm®, C,;H,,0Si, Mr=270.43 g-mol~', triclinic,
space group (Nr) PT (2), a=7.6146(4) A, b=9.6608(5) A, c=
11.9962(7) A, a=111.072(5)°, B =94.338(5)°, y=107.592(5)°, V=
767.92(8) A%, Z=2, p=1.170 g-cm~3, u=0.144 mm~'. 18381 reflec-
tions collected with @ in the range 2.383-29.866°, index ranges
—10 < h <10, —13 < k<13, -16 < | < 16, 4009 independent
reflections (R;,,=0.0372), 260 parameters with O restraints gave final
R indices R1=0.0423 and wR2=0.0960 [data with | >20(/)]. R1=
0.0617, wR2=0.1049 (all data), goodness-of-fit on F>=1.018, largest
electron density peak 0.406 e-A 3, largest hole —0.223 e- A3,

Crystal Data and Structure Refinement of 5: Clear colorless blocks,
0.44x0.30%0.11T mm?,  C,H;NSi, Mr=309.51 g-mol™', triclinic,
space group (Nr) P1 (2), a=9.9759(6) A, b=10.1439(5) A, c=
10.1466(6) A, a=93.645(5)°, B=116.927(6)°, y=93.863(4)°, V=
908.26(10) A%, Z=2, p=1.132 g-cm 3, £ =1.092 mm~". 11264 reflec-
tions collected with @ in the range 4.393-73.737°, index ranges
—11<h<12, —12<k<12, —12<1/<12, 3548 independent reflec-
tions (R;,,=0.0375), 307 parameters with O restraints gave final R
indices R1=0.0552 and wR2=0.1491 [data with | >20(/)]. R1=
0.0594, wR2=0.1553 (all data), goodness-of-fit on F=1.082, largest
electron density peak 0.692 e-A~3, largest hole —0.526 e-A~3,

Synthesis of tBuPh,SiCl (2): tert-Butyllithium (25.0 mL of a 1.6 M
solution in pentane, 40.0 mmol) was added dropwise to a solution
of dichlorodiphenylsilane (1) (10.13 g, 40.0 mmol) in hexane
(120 mL) at room temperature with stirring. The reaction mixture
was then heated at reflux for 4 h. After cooling down to room
temperature, the mixture was filtered through a fritted column
layered with Celite® and the remaining solid washed with hexane
(2x20 ml). The filtrates were collected and all volatiles removed in
vacuo. The yellow oily residue was purified by Kugelrohr distillation
(120°C oven temperature, 1.2-107" mbar) to give compound 2
(10.11g, 368 mmol, 92%) as a paleyellow oil. 'H NMR
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(400.13 MHz, C,D): 6=1.12 [s, 9H, C(CH,);], 7.14 (m, 6H, Hp,), 7.80
(M, 4H, Hy). C{'"H} NMR (100.62 MHz, C,Dy): =20.5 [s, C(CH,)s],
26.3 [s, C(CH,);], 127.9 (s, Coy), 130.1 (s, Coy), 135.2 (5, Gpp), 1353 (s,
Cen)-

Synthesis of tBuPh,Si (3): According to a modified procedure,®"
phenyllithium (3.8 mL of a 1.9M solution in dibutyl ether,
7.3 mmol) was added dropwise to a solution of compound 2
(2.00 g, 7.3 mmol) in hexane (20 mL) at room temperature with
stirring. The reaction mixture was then heated at reflux for 12 h.
After cooling down to room temperature, the mixture was filtered
through a fritted column layered with Celite® and the remaining
solid washed with hexane (2x 10 ml). The filtrates were collected,
and all volatiles removed in vacuo. The remaining brownish oily
residue was washed once with hexane (10 mL) to remove residual
dibutyl ether yielding tBuPh,;Si (3) as a beige solid (1.66 g,
5.2 mmol, 72%). Crystals suitable for single-crystal X-ray diffraction
analysis were obtained from a concentrated dichloromethane
solution layered with pentane at —30°C within one week. '"H NMR
(400.13 MHz, CDg): 6=1.20 [s, 9H, C(CH);], 7.16 (m, 9H, Hp,), 7.68
(M, 6H, Hpy). *C{'H} NMR (100.62 MHz, CD): =189 [s, C(CH,),],
29.0 [s, C(CH,)3l, 128.1 (s, Cp), 129.5 (s, Cpp), 135.2 (5, Cpp) 136.9 (s,
Cen). Si{'H} NMR (79.49 MHz, C,Dy): 6=—5.4 (s). HRMS (FD+):
C,,H,,Si caled. m/z for [M'] 316.16418; found 316.16488. CHN
analysis: C,,H,,Si calcd. C 83.48%, H 7.64%; found C 82.43%, H
7.77 %.

Synthesis of tBuPh,SiOMe (4): According to a modified
procedure,®” methanol (5 mL) was added dropwise to a solution of
compound 2 (2.75g, 10.00 mmol) in pentane (10 mL) at —30°C.
Then, triethylamine (2 mL, 14.4 mmol) was added to the reaction
mixture. The resulting white suspension was allowed to slowly
warm up to room temperature and kept stirring for 15 h. Then, all
volatiles were removed in vacuo and the residue extracted with
pentane (3x20 mL). The extracts were collected and all volatiles
removed in vacuo yielding compound 4 as a clear colorless oil,
which crystallized on standing (2.60 g, 9.6 mmol, 96%). Crystals
suitable for single-crystal X-ray diffraction analysis were obtained
from pentane at —30°C overnight. '"H NMR (400.13 MHz, C,Dy): 6 =
1.13 [s, 9H, C(CH,),], 3.38 (s, 3H, OCH,), 7.20 (M, 6H, Hpy), 7.74 (m, 4H,
Hpy). C{"H} NMR (100.62 MHz, C,D): 6 =19.4 [s, C(CH,);], 27.0 [s,
C(CH5)5], 52.0 (s, OCHs), 128.1 (s, Cpy), 129.9 (s, Cpy), 134.0 (s, Cpp),
135.9 (s, Cpp). °Si{'H} NMR (79.49 MHz, C¢Dg): 0=—2.5 (s). HRMS
(FD+): Cy,H,,0Si calcd. m/z for [M*] 270.14344; found 270.14411.
CHN analysis: C,,H,,0Si calcd. C 75.50%, H 8.20%; found C 75.35%,
H 8.41 %.

Synthesis of tBuPh,Si(NC,Hy) (5): Procedure (a): Pyrrolidine (5 mL)
was added dropwise to a solution of compound 2 (2.75g,
10.00 mmol) in hexane (10 mL) at room temperature. The resulting
suspension was heated at reflux for 4 h. Then, all volatiles were
removed in vacuo and the residue extracted with pentane (3Xx
20 mL). The extracts were collected and all volatiles removed in
vacuo yielding a beige oily residue. Recrystallization from pentane
(10 mL) at —30°C gave pure compound 5 as a beige crystalline
material (2.44 g, 7.9 mmol, 79%) over a period of three days. The
crystalline material isolated as described was suitable for single-
crystal X-ray diffraction analysis. Procedure (b): n-Butyllithium
(44 mL of a 2.5M solution in hexane, 10.9 mmol) was added
dropwise to a solution of pyrrolidine (776 mg, 10.9 mmol) in hexane
(20 mL) at —30°C. The resulting white suspension was then allowed
to slowly warm up to room temperature and kept stirring for 1 h. A
solution of compound 2 (2.50 g, 9.09 mmol) in hexane (20 mL) was
added to the reaction mixture by means of a PTFE tube at room
temperature. The resulting suspension was heated at reflux for
15 h. After cooling down to room temperature, the mixture was
filtered through a fritted column layered with Celite® and the
remaining solid washed with hexane (2x20 mL). The filtrates were

© 2021 The Authors. European Journal of Inorganic Chemistry published
by Wiley-VCH GmbH
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collected and all volatiles removed in vacuo yielding a beige oily
residue. Recrystallization from pentane (10 mL) at —30°C gave pure
compound 5 as a beige crystalline material (1.91 g, 6.2 mmol, 68 %)
over a period of three days. '"H NMR (400.13 MHz, C;Dy): 6 =1.16 [s,
9H, C(CHs)s], 1.56 (m, 4H, NCH,CH,), 3.06 (m, 4H, NCH,CH,), 7.22 (m,
6H, Hpy), 7.71 (m, 4H, Hpy). *C{'H} NMR (100.62 MHz, C,Dy): 6=19.8
[s, C(CH,)3l, 27.2 [s, C(CH,)], 28.4 (s, NCH,CH,), 49.3 (s, NCH,CH,),
128.0 (s, Cop), 129.4 (s, Cpp), 136.1 (s, Cpp), 136.3 (s, Cpp). *Si{'"H} NMR
(79.49 MHz, C,Dy): 6 =—7.9 (s). HRMS (El+): C,oH,;NSi calcd. m/z for
[M*] 310.1986; found 310.1987. CHN analysis: C,,H,,NSi calcd. C
77.61%, H 8.79%, N 4.53%; found C 77.40%, H 8.74%, N 4.44%.

Deposition Numbers 2079905 (3), 2079906 (4), and 2079907 (5)
contain the supplementary crystallographic data for this paper.
These data are provided free of charge by the joint Cambridge
Crystallographic Data Centre and Fachinformationszentrum Karls-
ruhe Access Structures service www.ccdc.cam.ac.uk/structures.
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