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ABSTRACT

Low-valent group 14 compounds, i.e., tetrylenes, have been subject of research since the 1970s and are still in the focus of interest.
Herein, we report on the synthesis of the dimeric amido(ylidyl)stannylene [Ph;PCH{SnN(SiMe;),}], (1) synthesized from readily
available starting materials. X-ray diffraction analysis shows that the compound features a heterocyclic Sn,C, core structure
substituted by bis(trimethylsilyl)amido ligands. Addition of gallium trichloride led to a ligand exchange of the amide to chloride.
The dimeric chlorostannylene [Ph;PCH{SnCl}], (2) was found to be insoluble in organic solvents but could potentially serve as a
precursor to synthesize further ylidyl-substituted stannylenes with the identical structural motive. Thermal treating of 1 led to

ortho-metalation of one Ph substituent under concomitant elimination of HN(SiMe;), providing the dimeric, ortho-metalated

aryl(ylidyl)stannylene [Ph,PCH(u-C¢H,4)Sn], (V), which has already been described before in the literature. As a side product,

we also obtained a mixture of a Sn,C, heterocubane and an oligomer featuring a Sn;C, core structure. Quantum chemical cal-

culations were performed to analyze the tin—carbon interaction in the stannylenes.

1 | Introduction

The stabilization of low-valent group 14 compounds has been of
general interest over the past decades [1-9]. Due to their similar-
ity to carbenes, heavier tetrylenes have been well studied. Since
the first activation of dihydrogen by a tin compound in 2008 [10],
tin-based ambiphiles, including stannylenes [10], distannynes
[11, 12], and Frustrated Lewis Pairs [13], have been in the focus
of many groups [14].

Low-valent tin species require thermodynamic or kinetic stabili-
zation, which can, for example, be provided by bulky amido
ligands [7]. In particular, the bis(trimethylsilyl)amido ligand has
been extensively used throughout the periodic table. On one hand,
their steric bulk allows the isolation of low-valent compounds
such as tetrylenes. On the other hand, the ligand can be used
to synthesize soluble precursors [15, 16]. Ylidyl substituents are

isoelectronic to amido ligands and have been applied as strong
n-donor substituents with tunable donor properties [17].
Therefore, ylidyl substituents were used in the past to isolate elec-
tron-rich tetrylenes [18]. Some examples are shown in Figure 1.

The first monomeric diamido stannylene I was reported by
Lappert and coworkers in 1974 [19]. The stannylene is nowadays
used for the synthesis of starting materials [16, 20]. The first
bis(ylidyl) stannylene II was synthesized by Schmidpeter in
1997. II was prepared from I and the bis(ylide) via deprotonation.
Structurally, the stannylene is comparable to N-heterocyclic stan-
nylenes by exchange of the amido group with an isolable ylidyl
substituent [21]. Gessner and co-workers reported on acyclic
bis(ylidyl)-stabilized tetrylenes synthesized via salt metathesis start-
ing from metalated ylides featuring anion-stabilizing tosylate or
nitril groups [22]. For the cyano-substituted ylide, the chloro-stan-
nylene and an amido-substituted stannylene III were reported [23].
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FIGURE 1 | Top: Selected examples of amido- and ylidyl-substituted stannylenes. Bottom: Dimeric, cationic group 14-substituted ylide (IV),

ortho-Ylidyl-substituted stannylene (V), and reported stannylene herein.

Since partial double bonds can be formulated in ylidyl-substi-
tuted Main Group compounds, ylidyl-substituted stannanes
and stannylenes can be seen as stannaethenes. Griitzmacher
and Pritzkow observed that the cationic di-tert-butyl substituted
ylidyl stannane IV forms a dimer in the solid state [24]. Similar
structures were obtained by our group for a cationic a-silylated
ylide in 2022 [25].

Dimeric, ylidyl-substituted stannylenes were reported already in
1986 by Veith and co-workers. Synthetic access was provided
through an ylide diamidostannylene adduct [26].

To further investigate the potential of ylidyl substituents derived
from unstabilized ylides, we turned our attention to low-valent
group 14 species.

2 | Results and Discussion
2.1 | Synthesis and Characterization

Since the reports on ylidyl-substituted stannylenes only include
either cyclic compounds (e.g., II) or stabilized ylides (e.g., III),
we were interested in the isolation of ylidyl-substituted stannylenes
with unstabilized ylides. The diamido stannylene I was chosen as a
soluble tin(II) precursor. When methylene triphenylphosphorane
is treated with I in toluene, an orange solution is formed.
In the "H NMR spectrum, the formation of the protonated amide,
i.e., HN(SiMe;),, can be observed. After stirring overnight, the reac-
tion mixture was dried in vacuo and the residue extracted in hex-
ane. From the concentrated hexane solution, compound 1 was
obtained as a yellow crystalline solid in 58% yield (Scheme 1).

N(SiMeg)Q
\
i ® @
(MegSi}N PhsP. 7\ \PPh,
2 PhsP=CH, + 2 Sn: RO
(Me3Si),N - 2 HN(SiMe3), ©) !
toluene, r. t. N(SiMes),
I 1
SCHEME 1 | Synthesis of 1. Compound 1 and the following dimeric stannylenes are drawn as zwitterionic stannyl anions, but addressed to as

stannylenes for better consistency with previously published ylidyl-stannylenes (e.g., III).

20f9

Zeitschrift fiir anorganische und allgemeine Chemie, 2026

85U80]7 SUOWIWIOD BAEaID 3|qedlidde aup Aq pausenob ae Sapie YO ‘8sN JO Sa|NJ 10} A%id1T8UIIUO A8 |IAN UO (SUORIPUOD-PUR-SLUIBILI0D" A3 1M Aeiq||BuUO//:SANY) SUORIPUOD pue SLe | 84} 89S *[9202/90/6T] U0 Ariqiaullu AB|1M ‘@160jouyos | 4 Imnsu| Jeynssiiedt Aq 65T0L 92ez/Z00T 0T/I0p/wod A8 |im Axelq1jeuluo//sdiy woly pepeojumoq ‘0 ‘6v.ET2ST



Single crystals were obtained from a concentrated solution of 1 in
hexane (space group P1). The molecular structure is depicted in
Figure 2.

The structure was found to be dimeric and symmetrical and fea-
tures both N(SiMe3;), substituents as well as both phosphines in a
syn arrangement. Compared to the cationic stannyl-substituted
ylide IV reported by Griitzmacher and Pritzkow [24], in which
the phosphine substituents are in anti arrangement, longer
Sn1—C1 and shorter P1—C1 bond lengths are observed for 1
(see Table 1 and the Supporting Information, Section S4 re.
the calculated syn/anti energy difference). Both indicate a stron-
ger electron donation from the ylide to the tin atoms in case of 1.
This can be explained by the competition of the ylidyl substitu-
ents and the amido ligands in case of 1 and by the higher
Lewis acidity of Sn(IV) compared to Sn(II). Compared to the
amino(cyanoylidyl)stannylene III, the Sn1—C1 bond is slightly
shorter, whereas the P1—C1 bond is elongated. This further indi-
cates a stronger electron donation from the ylide to the tin atom,
which can be explained by the absence of an anion-stabilizing
group (i.e., cyano group in III).

NMR analysis indicates that the dimeric structure is retained in
solution. In the **°Sn NMR spectrum, a triplet with a chemical
shift of 6,105, = 57 ppm is found. The *'P NMR spectrum shows
one singlet at §;,p =28.5 ppm with pronounced satellites from
coupling to the tin nuclei (see Supporting Information). The cou-
pling in the 'H NMR spectrum of the signal from the ylidic
hydrogen atom shows a splitting to a multiplet, resting in the
coupling to the opposite ylidic hydrogen atom and to both phos-
phorus atoms, which are magnetically inequivalent (Figure 3).

FIGURE 2 | Molecular structure of 1 in the solid-state (ellipsoids at
30% probability). For clarity, hydrogen atoms besides the ylidic are omit-
ted and the phenyl and methyl groups are shown as wireframes. Selected
bond lengths (A) and angles (°): P1—C1 1.713(2), Sn1—C1 2.2885(14),
Sn1—C2 2.3056(13), Sn1—N1 2.1589(12), N1—Sil 1.7334(13); P1—C1—Sn1
117.70(7), C1—Sn1—C2 78.75(5), C1—Sn1—N1 106.08(5), and Sn1—N1-Sil
108.57(6).

TABLE 1 | Selected structural parameters of 1, the isostructural
stannylium ion IV [24], and the amino(cyano)ylidylstannylene III [23].

Structural parameter 1 IV [24] 111 [23]
d(Sn1Sn2)/A 3.3172(2)  3.320(1)
d(Sn1-C1)/A 2.2885(14)  2.245(5)  2.292(2)
d(P1-C1)/A 1.713(2)  1.759(7)  1.698(2)
2£(C1-Sn1-C2)/° 78.75(5) 84.8(2)
£(Sn1-C1-Sn2)/° 92.13(5) 95.3(2)
2(P1-C1-Sn1)/° 117.70(7)  125.8(3)

An AA’XX’ spin system can be observed, combined with pro-
nounced satellites from the coupling to ''’Sn and ''°Sn.
Unfortunately, a proper simulation of the experimental spectrum
was not possible due to both the broad signals and the tin satel-
lites, which might cover parts of the AA’XX’ spin system (see
Supporting Information).

2.2 | Coordination Ability

Electron-rich tetrylenes may be used as ligands in transition
metal complexes and have been applied for bond activation
and catalysis [27].

To estimate the ligand properties, and particularly the donor
strength of the stannylene, we treated 1 with gallium chloride
in benzene-dg, since the pyramidalization at the gallium center
correlates with the ligands donor capability [28]. The NMR tube
was shaken for one minute and after resting for some minutes,
colorless crystals were obtained. X-ray structure analysis revealed
the formation of the chloro(ylidyl)stannylene [Ph;PCH{SnCl}],
(2) (space group C2/c). The molecular structure is depicted in
Figure 4.

Compound 2 is isostructural to 1, featuring similar bond
lengths, and retains the syn arrangement of the phosphine
substituents and the chlorides. Alternatively, the chloro
(vlidyl)stannylene 2 can be obtained from the reaction of
{(Me;Si),N}SnCl with Ph;PCH, in toluene in 64% isolated yield
(Scheme 2).

Product 2 can be isolated by filtration and was washed with hex-
ane. Unfortunately, no NMR analysis was possible due to the
poor solubility of 2 in organic solvents. We nevertheless tried
to analyze the reaction mixture in more detail.

From the reaction with gallium chloride, an NMR spectrum
was recorded immediately after the addition of gallium chloride.
In the 'H and *'P NMR spectra, a second species with similar
characteristics to 1 can be seen (see Supporting Information).
After crystallization of 2, however, the crystalline material
did not dissolve in organic solvents. The observed *'P NMR
signal is shifted to higher frequencies (63p=29.3 ppm)
compared to 1. The signal of the ylidic hydrogen atom again
shows a characteristic AA’XX’ multiplet (6,5 = 2.67 ppm) compa-
rable to 1.
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FIGURE 4 | Molecular structure of 2 in the solid-state (ellipsoids at
30% probability). For clarity, hydrogen atoms besides the ylidic are omit-
ted and the phenyl groups are shown as wireframes. Selected bond
lengths (A) and angles (°): P1—C1 1.716(3), Sn1—C1 2.294(3), Sn1—CT1’
2.283(3), Sn1—Cl1 2.5217(9), Snl...Sn1’ 3.3735(4); P1—C1—Sn1 117.26(15),
C1—Sn1—CT’ 79.58(11), C1—Sn1—Cl1 90.28(8), Sn1—C1—Sn1’ 94.97(10).

Related compounds are known from the literature. The respec-
tive chlorogermylene was synthesized in 2025 by Coburger and
coworkers via germyliumylidene transfer [29], and a dimeric

(Me3Si)2N\
+ 2 .

2 Ph3P:CH2 ]
Cl

SCHEME 2 | Synthesis of 2.

chlorogermylene supported by anionic N-heterocyclic olefins
was published by Rivard and coworkers in 2019 [30].

2.3 | Thermal Stability

From the syn arrangement of the amides in 1, coinciding with the
neighboring CH groups, we were interested in the thermal sta-
bility and potential syn elimination of the amine. Such an elimi-
nation would lead to the formation of a conceivable stannaethene
of the general formula [Ph;PC = Sn] or its dimeric or oligomeric
ring and cage structures. Potentially, such compounds would
form heterocubanes, which are known to form in reactions of
amido stannylenes with amines or water [31, 32]. Veith and
coworkers obtained Sn,X, heterocubanes (X=NR, O) when
the amido-substituted stannylene VI was treated with amines
or water (Scheme 3).

Power and coworkers investigated the reaction of the diamido
tetrylenes E(N{SiMes},), (E=Ge, Sn, Pb) toward primary
amines. These reactions yielded, for instance, a cyclic trimer
[Ge(NDipp)]; for germanium (Dipp = C¢Hs—2,6-iPr,), whereas
the reaction with tin and lead amides led to the formation of

Cl
®od @
PhsP... v ...PPh3
o v Cw
. H N/ H
-2 HN(SIMG3)2 )
toluene, . t. él
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SCHEME 3 | Formation of heterocubanes from the amidostannylene VI via deprotonation.

heterocubanes [33]. Wright and coworkers obtained corner-
linked double cubanes of the general formula Sn;Ng by transam-
ination of primary amines with tin amides [34, 35].

Besides primary amines, our group showed that pyrazoles can
also be used as precursors for the synthesis of germanium and
tin cages via transamination with the divalent bis(trimethyl-
silyl)amides [36-38].

When a solution of 1 is heated to 120 °C for 5 h in vacuo, a color
change from yellow to red is observed. From a concentrated solu-
tion in toluene, we obtained a crop of orange and red crystals.
The orange crystals turned out to be the elimination product
of two equivalents of the protonated amide. The formation of
HN(SiMe;), was confirmed by NMR analysis of the distillate
(see Supporting Information). The protons at the ylidic carbon
atoms remain, whereas one phenyl group of each phosphine
is deprotonated in ortho position. Again, a four-membered
Sn,C, heterocycle is formed. This time, the tin atoms are con-
nected to the ortho position of the triphenylphosphine backbone.
Veith and co-workers obtained the same reaction product when
the ylide-stabilized amino stannylene is heated to 120 °C in tol-
uene (Scheme 4). The formation of Sn,C, heterocubanes, similar

tBu tBu ®
N, PhaPCH, N.o PPhs
Me,Si. Me,Si. Sn-CH,
’ N
|
tBu tBu
Vi
N(SiMe3),
(Me3Si),N Ph;PCH ® oy @
A 3 2 Ph3P/,‘ 7 \Ci\\PPh3
DN H” &,/ TH
(Me3S|)2N €] A
N(SiMe3)2

I 1

to the reaction with primary amines, was not observed [26]. To
best of our knowledge, no Sn,C,4 heterocubanes are known from
the literature.

Compared to 1 and 2, structural differences can be found in the
tin-carbon and phosphorus-carbon bond lengths. For V, the
Sn—C1 bond length is 1.710(5) A, compared to 1.7170(13) A in
1 and 1.716(3) A in 2. The P1—C1 bond length in V is longer
(1.759(7) A), compared to 1 (1.7170(13) A) and 2 (1.716(3) A).
The lone pairs at the tin atoms are no longer in syn arrangement
and are facing opposite directions. Further electronic differences
will be discussed in the next paragraph.

The red crystals were also suitable for SC-XRD. Unfortunately,
the structure could not be fully refined. From the model, we
assume the formation and co-crystallization of the symmetrical
Sn,C, heterocubane (about 10%), combined with a disordered
structure, in which one tin atom bridges between two ylidic car-
bon atoms (10%) and an open heterocubane-type Sns;C, cage
(80%, 3; Scheme 5). Assuming that the ylidic entities at the open
sites of the cage in 3 are protonated, a cationic entity results;
however, although we have made strong attempts in measuring
several single crystals from different batches and refining the

A
tB\u
NH
- Me,Si’ ® H o
NH oL . PhP-C _pph,
tBu 0 H®
A
\Y;
Me38i\
- NH
Me3Si

SCHEME 4 | Thermolysis of 1 (bottom) and of a stannylene-ylide adduct, reported by Veith and coworkers (top) [26]. Both reactions lead to the

formation of the ortho-substituted ylide V.
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SCHEME 5 | Formation of the Sn,C, heterocubane and the open heterocubane-type Sn;C, cage as product of thermolysis of 1.

anionic part of 3, we were not successful. The exact composition
remains unresolved since we failed to develop a suitable model
due to the geometric arrangement of the residual electron density
(see Supporting Information).

NMR analysis of the red crystalline compound failed due to the
insolubility of the crystalline material in benzene or THF and
decomposition in CD,CL,.

Overall, the thermolysis shows that amino(ylidyl)stannylenes
might serve as suitable precursors for the synthesis of Sn,C, het-
erocubanes. By modification of both, the ylidyl and the amido
ligand the synthesis might be optimized in future works.

2.4 | Quantum Chemical Analysis

Density functional theory (DFT) (PBEO/def2-TZVPP//BP86/
def2-SVP) studies were performed to analyze the tin-carbon
interactions and the potential monomer/dimer equilibrium.
No symmetry constraints were applied; therefore, mean values
for charges and bond indices are presented. For comparison,
the product of thermolysis V was included in this description.

For all investigated stannylenes, the dimerization of the hypotheti-
cal monomeric form is exergonic. The least differences are obtained
for 1. The change in the free enthalpy amounts to AG = —13.5 kcal/
mol. For 2, the dimeric form is about 34.4 kcal/mol more stable.
This difference can be explained by the ability of the amido ligand
for n-donation to the tin atom and thus stabilizing the monomeric
form. For the ortho-ylidyl stannylene V, the dimerization is highly
exergonic (AG = —468 kcal/mol).

In case of all stannylenes 1, 2 and V, both highest occupied
molecular orbitals are located at the tin atoms, representing
the lone pairs (Figure 5). In comparison, the HOMO energy is
the lowest for 2, and the highest is found for V (Table 2), indi-
cating enhancing nucleophilicity from 2, over 1 to V. For the
HOMO-1 the energy is lower for V, compared to 1.

To analyze the bonding in 1, 2, and V, we calculated the Wiberg
Bond Indices (WBI) and performed Natural Bond Orbital analy-
ses (NBO; Table 3). Additional values are recorded in the
Supporting Information.

For the tin—carbon bonds, higher WBIs are obtained for the
chlorostannylene 2 compared to 1. V features even higher

median WBI. For the ylidic P—C bond, the WBI ascends from
1, over V to 2. In sum, for all stannylenes 1, 2, and V, higher
WRBIs are obtained for the carbon-tin bonds compared to the
ylidyl stannylene III reported by Gessner and coworkers [23].

NBO analysis shows that the median charge of the tin atoms in 1,
2, and V is lower compared to stannylene III. Therefore, higher
covalency of the Sn—C and Sn—N bonds can be assigned in 1, 2,
and V.

The differences between V and the stannylenes 1 and 2 arise from
the weaker n-donating character of the phenyl moiety compared
to the amide in 1, less pronounced in 2. This is also displayed in

HOMO-1

HOMO

FIGURE 5 | Illustration of both highest occupied MOs of 1 (PBEO/
def2TZVPP//BP86/def2-SVP, isovalue: 0.05).

TABLE 2 | HOMO and HOMO-1 energy of 1, 2, and V.

Frontier orbital energy (eV) 1 2 v
HOMO —-4.702 -5.072 -4.384
HOMO-1 -5.162 —5.902 -5.513

TABLE3 | WBI for selected bonds and atomic charges q according to
NBO in 1, 2, V, and III [23].

WBI and NBO charges 1 2 v 111 [23]
Sn1—C1 0.61 0.65 0.64 0.44
Sn1—C2 0.60 0.62 0.65

P1—C1 1.14 1.27 1.20 1.09
q(Sn) 1.23 0.98 0.86 1.29
q(C1) -1.67 -153 -143 -1.19
q(P) 165 162 160 1.65

6 of 9
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the WBI of the C1—Sn1 bonds. In the ortho-substituted stanny-
lene V, higher WBIs are obtained. The NBO charges for the tin
atoms are decreased, whereas the ylidic carbon atoms bear an
increased charge. This further indicates a stronger electron
donation from the ylide to the tin atom and a more effective sta-
bilization through the ylide, leading to a more electron-rich
stannylene.

Additionally, Quantum Theory of Atoms in Molecules (QTAIM)
analysis was performed for 1. For comparison, the tin—carbon,
tin—nitrogen, and phosphorus-carbon bonds are evaluated.
The mean value for the electron density at the bond-critical
points between the Sn—C bonds is 0.074, indicating an ionic char-
acter, in the range of typical metal-ligand contact. The positive
Laplacians (A = 0.1) suggest closed-shell interactions. Overall, a
stabilizing ionic bond with covalent bonding components, indi-
cated by the negative enthalpy, can be seen. By the low value for
the ellipticity, no n-contribution to the carbon-tin bond is observ-
able. Compared to the tin-carbon bonds, higher densities are
obtained at the bond critical points (BCPs). The ylidic P—C
bonds, on the other hand, are covalent, and by the ellipticity, par-
tial =-bonding is observable. This suggests that the electron dona-
tion from the ylide to the tin centers is incomplete and hindered
due to the dimerization and the competition with the amide.

3 | Conclusions

In summary, we presented the synthesis of ylidylstannylenes
starting from readily available tin bis(trimethylsilyl)amides
and one of the simplest Wittig ylides via deprotonation. The ami-
do(ylidyl)stannylene 1 and the chloro(ylidyl)stannylene 2 feature
dimeric structures, forming a four-membered Sn,C, cycle in solid
state and in solution. 1 can be further used for the synthesis of an
ortho-ylidyl substituted stannylene via thermal amide elimina-
tion. Additionally, we obtained crystals from one product of
the thermolysis which indicates that the dimeric amino(ylidyl)
stannylene and related compounds might serve as precursors
for Sn,C, heterocubanes. Due to the simple synthesis of the
stannylene, backbone modification of the ylide or replacing
the amine for another might enable the cubane synthesis.
Inspired by these findings, the investigation of other electron-
rich amino(ylidyl)tetrylenes is part of current research in our
laboratories.

4 | Experimental Section
4.1 | General Methods

All operations were carried out under dry argon using
standard Schlenk and glovebox techniques. Sn(N{SiMes},),
[19], Sn(N{SiMes},)Cl [39] and Ph;PCH, [40] were prepared
according to literature procedures. Solvents were dried over
Na/K or CaH, and rigorously degassed before use. NMR spectra
were recorded on a Bruker Avance Neo 400 or an Avance 300
spectrometer operating at 'H Larmor frequencies of 400 or
300 MHz in dry degassed deuterated solvents. 'H, '*C{‘H},
and *°Si{'H} chemical shifts were reported against TMS,
*Ip{'H} against H;PO, and '*°Sn{'H} against SnMe,. Coupling

constants (J) are given in Hertz as positive values, regardless of
their real individual signs. The multiplicity of the signals is
indicated as s, d, q, sept, or m for singlet, doublet, quartet, sep-
tet, or multiplet, respectively. The assignments were confirmed,
as necessary, with the use of 2D NMR correlation experiments.
The MestreNova software package was used for analyzing the
spectra. IR spectra were measured on a Bruker Alpha spec-
trometer using the attenuated reflection technique (ATR),
and the data are quoted in wavenumbers (cm™*). The intensity
of the absorption band is indicated as vw (very weak), w
(weak), m (medium), s (strong), vs (very strong), and br
(broad). Elemental analyses were carried out in the institu-
tional technical laboratories of the Karlsruhe Institute of
Technology (KIT). Elemental analysis data were gathered from
isolated crystalline material of the corresponding compound
and reported as obtained, even if the established deviation
of £0.4% was not reached, as these requirements were shown
to be misleading in some cases [41].

Diffraction data were measured using a Stoe IPDS II diffractom-
eter and graphite-monochromated MoK, (0.71073 A) radiation.
Absorption corrections were carried out using the STOE
LANA [42] software package by scaling of diffraction intensities.
The structures were solved in OLEX2 1.5 [43] by dual-space
direct methods with SHELXT [44], followed by full-matrix
least-squares refinement using SHELXL-2014/7 [45]. All non-
hydrogen atoms were refined anisotropically. The contribution
of the hydrogen atoms, in their calculated positions, was included
in the refinement using a riding model. A full listing of atomic
coordinates, bond lengths, angles, and displacement parameters
has been deposited at the Cambridge Crystallographic Data
Centre with deposition numbers 2 547 696 and 2547 697 for 1
and 2, respectively.

4.2 | Preparation of 1

A Schlenk tube was charged with Sn(N{SiMe;},), (318 mg,
0.724 mmol, 1.00equiv.) and Ph;PCH, (200 mg, 0.724 mmol,
1.00 equiv.). To this mixture, toluene (5ml) was added. The
resulting orange solution was stirred for 16 h. Afterwards, the
solvent was removed in vacuo. The residue was extracted with
hexane (10ml), and the yellow solution was concentrated to
incipient crystallization. Overnight, yellow crystals formed,
which were isolated and dried in vacuo. 1 was obtained as yellow,
crystalline solid (233 mg, 0.210 mmol, 58%).

H NMR (300 MHz, C¢D¢): 6 (ppm)=7.79 (m, 12H, m-CH),
7.22-7.06 (m, 18H, o- und p-CH), 2.90-2.67 (m, 2H, C'H), 0.46
(s, 36H, CH,).

B3C{'H} NMR (101 MHz, C¢Dg): § (ppm)=133.95 (pseudo-t,
J=4.8Hz, m-CH), 131.75 (s, p-CH), 131.44 (m, i-C), 130.54
(m, i-C), 128.99-128.72 (m, 0-CH), 14.08 (m, C*), 8.00 (s, CH,).
Si{'H} NMR (79 MHz, C¢Dg): 8 (ppm) = —0.99 (s).

3p{'H} NMR (122 MHz, C¢Dg): 6 (ppm) = 28.52 (s).

9Sn{*H} NMR (149 MHz, C¢Dg): 6 (ppm)=57.02 (t, 2Jg,.p=
133.5 Hz).
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IR (ATR): 7 (cm ™) = 3053 (vw), 2945 (W), 2888 (Vvw), 1483 (Vw),
1435 (m), 1237 (m), 1187 (vw), 1101 (m), 997 (vw), 976 (vw), 934
(8), 839 (vs), 772 (m), 742 (s), 712 (s), 690 (vs), 658 (s), 606 (m), 534
(vs), 503 (s), 482 (W), 474 (W), 464 (W), 455 (W), 428 (W), 415 (vw),
404 (vw).

Elemental analysis (calc., found for CsoHggN,P,SisSn,): C
(54.2, 54.4), H (6.18, 5.98), N (2.52, 1.70).

4.3 | Reaction of 1 With GaCl;

1 (10 mg, 9 pmol, 1.00 equiv.) was placed in a Young capped NMR
tube and dissolved in Cg¢Dg (0.4 ml). Gallium chloride (3 mg,
18 pmol, 2.00 equiv.) was added. The NMR tube was shaken
for 1 minute and left to rest. NMR spectra were recorded (see
Supporting Information).

4.4 | Preparation of 2

A Schlenk tube was charged with Sn(N{SiMe;},)Cl (71 mg,
0.26 mmol, 1.00equiv.) and Ph;PCH, (81mg, 0.26 mmol,
1.00 equiv.). To this mixture, toluene (3 ml) was added. The reac-
tion mixture turned cloudy, and a precipitate was formed. The
reaction mixture was then stirred for 16 h. Afterwards, the super-
natant solution was decanted. The residue was washed with hex-
ane (3ml) and dried in vacuo. The product was obtained as a
pale-yellow solid (71 mg, 0.08 mmol, 64%).

The 'H and *'P NMR data are obtained from the NMR of the
reaction mixture of 1 with GaCl; and not from the pure com-
pound. Due to the poor solubility of 2, no **C or '°Sn NMR anal-
ysis was possible.

'H NMR (400 MHz, C¢D¢) 6=7.73—7.65 (m, 12H, m-CH),
7.25-7.19 (m, 12H, o-CH), 7.13—-7.06 (m, 6H, overlapping with
p-CH), 2.73—2.57 (m, 1H, C'H).

3p{'H} NMR (162 MHz, C¢D): 6 (ppm) =29.25 (s).

IR (ATR): 7 (cm ™) = 3051 (vw), 2982 (vw), 1588 (vw), 1483 (VW),
1437 (m), 1332 (vw), 1312 (vw), 1115 (w), 1100 (m), 995 (vw), 973
(m), 861 (s), 820 (W), 745 (m), 714 (s), 691 (vs), 551 (s), 534 (vs),
526 (vs), 505 (s), 467 (W), 429 (vw).

Elemental analysis (calc., found for C3gH;,C1,P,Sn,): C (53.14,
53.42), H (3.76, 4.07).

4.5 | Thermolysis of 1

A Schlenk tube was charged with 1 (40.0 mg, 36.1 pmol) and con-
nected to a second Schlenk tube with a knee. The apparatus was
evacuated (10~ mbar). The empty Schlenk tube was cooled with
liquid nitrogen, and the other Schlenk tube was heated to 140°C
for 4h with an oil bath. The initially yellow solid changed its
color to red. Afterwards, the Schlenk tubes were disconnected,
and NMR spectra were recorded (see Supporting Information).
Toluene (2 ml) was added to the red solid. V precipitated from

the red solution and was isolated (3 mg, 3.8 pmol, 11%). The tol-
uene solution was decanted and concentrated under reduced
pressure. After one week, a small number of red crystals of 3
formed.
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