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ABSTRACT: The linker-bridged distannene [(2,6-Mes2)-
C6H3Sn]2C12H8 (1) featuring an acenaphthene linker and
the sterically demanding terphenyl substituent ArMe (= C6H3-
2,6-Mes2; Mes = C6H2-2,4,6-Me3) was prepared and
characterized by single-crystal analysis, NMR spectroscopy,
as well as elemental analysis. Furthermore, the reactivity of
distannene 1 and previously reported distannenes 2 and 3,
bearing either a naphthalene or a 9,9-dimethylxanthene backbone and the terphenyl substituent ArMe, as well as bis(stannylene)
4, featuring a 9,9-dimethylxanthene backbone and the terphenyl substituent AriPr (= C6H3-2,6-Trip2; Trip = C6H2-2,4,6-i-Pr3),
toward terminal alkynes at ambient temperature was investigated, leading to the formal [2 + 2] cycloaddition products 5−9. The
reactions of distannene 1 with trimethylsilylacetylene and phenylacetylene, the reaction of distannene 2 with trimethylsilyl−
acetylene, as well as the reaction of bis(stannylene) 4 with phenylacetylene show reversibility, while distannenes 2 and 3 react
irreversibly with phenylacetylene at room temperature. A van’t Hoff analysis of variable-temperature 1H NMR spectra of the
cycloadduct of the reaction of distannene 1 with trimethylsilylacetylene afforded a dissociation enthalpy (ΔHdiss) of 71.6 kJ·
mol−1, which is in surprisingly good agreement with the results of accompanying DFT calculations (ΔHdiss = 70.9 kJ·mol−1).

■ INTRODUCTION

Since the first distannene was structurally characterized in 1976
by Lappert and co-workers,1 the field of heavy main group
compounds with multiple bonds has attracted much attention
for almost 40 years and been summarized in various reviews
and articles.2−8 Alkene homologues of the heavier group 14
elements show an increasing deviation from planarity with
rising element number and at the same time a decreasing
strength of the formal double bond. Hence, especially in the
case of R2SnSnR2 compounds, the dimers dissociate in solution
at ambient temperature. Therefore, with few exceptions the
reactivity of monomeric stannylenes is observed instead of the
reactivity of the distannene.2−8

While the reactivity of disilenes6,8−11 and digermenes11−20

with unsaturated organic molecules was studied intensively,
similar examples for distannenes are scarce, due to their
dissociation disposition in solution. In 1988, Sita and co-worker
reported the reaction of an alkyne with Lappert’s stannylene
Sn[CH(SiMe3)]2, yielding a stannacyclopropene at −16
°C.2,21,22 At elevated temperatures the authors observed an
equilibrium between the stannacyclopropene, the stannylene,
and free alkyne (Scheme 1).
By using the same strained alkyne and reacting it with a

monomeric stannylene, Veith et al. synthesized the first 1,2-
distannacyclobut-3-ene.23 As the dimeric form of this
stannylene is unknown, the reaction mechanism is proposed
to proceed via a formal cheletropic [2 + 1] cycloaddition,
followed by an insertion reaction of a second equivalent of the
stannylene into a Sn−C bond of the prior formed
stannacyclopropene (Scheme 2). In 1990, Sita et al. also

reported a 1,2-distannacyclobut-3-ene by reacting Lappert’s
diorganostannylene with cyclooctyne.24

The first reaction of a distannene with a terminal alkyne in a
formal [2 + 2] cycloaddition was reported in 1992 by
Weidenbruch et al.25 and used as evidence for the equilibrium
of a stannylene and a distannene with the respective
cyclotristannane as depicted in Scheme 3. The presence of
the stannylene was proven by using 2,3-dimethylbutadiene as
trapping reagent.
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Scheme 1. Reaction of Lappert’s Distannene with a Cyclic
Alkyne

Scheme 2. Synthesis of the First 1,2-Distannacyclobut-3-ene
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In 2006, the first acyclic distannene which was persistent in
solution was synthesized by Lee and co-workers. Reaction of
the distannene with phenylacetylene led likewise to the
formation of a four-membered cycle as depicted in Scheme 4.26

None of these reactions was observed to be reversible except
for the reaction of Lappert’s stannylene with the thiocyclo-
heptyne (Scheme 1). However, Power et al. reported a
reversible cycloaddition of ethylene with distannynes in 2009
(Scheme 5).27

Only recently, to our knowledge, has the first example of a
cycloaddition reaction of a digermene with nitriles which shows
reversibility at 100 °C been reported.28

Previously, we reported the synthesis of linker-bridged
distannenes as well as a bis(stannylene) bearing either a
naphthalene or a 9,9-dimethylxanthene backbone and the
sterically demanding terphenyl substituents ArMe (= C6H3-2,6-
Mes2; Mes = C6H2-2,4,6-Me3)

29 (2/3) or AriPr (= C6H3-2,6-
Trip2; Trip = C6H2-2,4,6-i-Pr3) (4) (Figure 1).30

Herein, we report the synthesis and structural character-
ization of a linker-bridged distannene featuring an acenaph-
thene backbone and the bulky substituent ArMe (1). The
investigation of the reactivity of distannenes 1−3 and
bis(stannylene) 4 toward terminal alkynes showed reversibility
at ambient temperature in the cases of distannene 1 with
trimethylsilylacetylene or phenylacetylene, distannene 2 with
trimethylsilylacetylene, as well as bis(stannylene) 4 with
phenylacetylene. However, distannenes 2 and 3 react
irreversibly with phenylacetylene at room temperature. The
thermodynamic parameters ΔHdiss and ΔSdiss of the dissociation
of cycloaddition product 6 were determined by means of a van’t
Hoff analysis of variable-temperature 1H NMR spectra.

Furthermore, quantum chemical calculations were carried out
in order to elucidate the reactions of distannene 1 with
trimethylsilylacetylene or phenylacetylene as well as the
reaction of distannene 2 with phenylacetylene.

■ RESULTS AND DISCUSSION
Synthesis. Compound 1 is synthesized by reacting 5,6-

dilithioacenaphthene, which was prepared from 5,6-dibromoa-
cenaphthene and n-butyllithium, and [ArMeSnCl]2 (Scheme
6).30,31 The intense green product is highly soluble in

hydrocarbon and ether solvents and can be crystallized from
concentrated solutions in n-hexane in 52% yield at ambient
temperature. Distannene 1 is sensitive toward air and moisture
and was characterized by single-crystal analysis, NMR spec-
troscopy in solution, as well as elemental analysis.

Crystallographic Analysis. Single-crystal analysis reveals a
tin−tin distance of 2.7838(2) Å, which is slightly longer than in
the case of distannene 2 (2.7299(3) Å).30 Reported tin−tin
distances of distannenes range from 2.668(1) to 3.0009(7) Å;
hence, distannene 1 features a rather short tin−tin
distance.2,29,32−39 While the naphthalene backbone of di-
stannene 2 is planar, the acenaphthene backbone of distannene
1 is slightly distorted (central torsions angle C58−C59−C60−
C52 = 176.9(0)°). Furthermore, distannene 1 shows a trans-
bent structure with bent angles θ = 43° and 65° and a twist
angle τ = 65°.

NMR Spectroscopy. While distannene 2 reveals C2
symmetry in solution NMR spectroscopy and in the solid
state structure, distannene 1 shows no C2 symmetry in the solid
state. However, in solution the 119Sn NMR spectrum of 1
exhibits one singlet signal at 375 ppm with satellite signals
caused by scalar coupling of 1J(119Sn,117Sn) = 9478 ± 30 Hz,
which indicates the chemical equivalence of the two tin atoms.
In comparison, distannene 2 shows a quite similar NMR

Scheme 3. Synthesis of a 1,2-Distannacyclobut-3-ene and a
Stannacyclopentene

Scheme 4. Reaction of a Persistent Distannene with
Phenylacetylene

Scheme 5. Reversible Reaction of Ethylene with Distannyne

Figure 1. Intramolecular cyclic distannenes 1−3 and bis(stannylene)
4.

Scheme 6. Synthesis of Distannene 1
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spectrum with δ = 396 ppm and 1J(119Sn,117Sn) = 9470 ± 30
Hz.
Reactivity Studies. Furthermore, the reactivity of di-

stannenes 1−3 as well as bis(stannylene) 4 toward terminal
alkynes was studied. In all cases the particular distannene or
bis(stannylene) was dissolved in n-hexane, and an excess of the
alkyne was added at ambient temperature. While in the
reactions of distannenes 1 and 3 with the terminal alkynes an
off-white or colorless precipitate was formed, reactions of
distannene 2 and bis(stannylene) 4 with phenylacetylene lead
to a color change from intense green to red-orange and from
red-brown to light yellow, respectively. In all reactions the
respective 1,2-distannacyclobut-3-enes 5−9 (Scheme 7) were
obtained. The new four-membered ring compounds 5−9 were
characterized by single-crystal analysis, elemental analysis, and
NMR spectroscopy in solution.
Crystallographic Analysis. Single-crystal analysis shows

comparable ring geometries for compounds 5−9 in the solid
state. Compounds 5−8 were crystallized in low to moderate
yield (39−68%) from concentrated solutions in benzene or n-
hexane at room temperature. Pale yellow single crystals of
compound 9 were obtained from a concentrated solution in
ether at −40 °C. The results of the crystal structure analysis are
depicted in Figures 3−7.
Similar trends appear for the four-membered rings 5−7

compared to the respective distannenes. First, the Sn−Sn bond
lengths are barely different. While distannene 1 exhibits an Sn−
Sn bond length of 2.7838(2) Å, for ArMeAnapPh 5 and
ArMeAnapTMS 6 slightly shortened bonds of 2.7576(2) and
2.7668(3) Å are observed. Distannene 2 possesses a Sn−Sn
bond length of 2.7299(3) Å, whereas ArMeNapPh 7 shows
minimal elongation to 2.7444(2) Å. A reason for these small
changes can be seen in the rigid acenaphthene or naphthalene
backbones. Second, the C−C bond lengths of the 1,2-
distannacyclobut-3-enes exhibit a clear elongation compared

to the expected value of a C−C triple bond of around 1.2 Å.
Compounds 5−7 show C−C bond lengths of 1.34 Å, which
indicate a decrease in bond order. Third, a change in geometry
is observed. While compounds 1 and 2 show the typical trans
bending of distannenes, the geometries of compounds 5−7 are
converted into a cis bending. This is indicated by both ipso-
carbon atoms of the ArMe substituents lying on the same side of
the least-squares planes which is defined by the two tin atoms
and the ipso-carbon atoms of the backbones.
In the case of ArMeXantPh 8 we observe the same trends in

bond lengths as described for compounds 5−7; however, the
shortening of the tin−tin distance is with >0.1 Å more
pronounced. AriPrXantPh 9 reveals with 1.38 Å the strongest
shortening of the tin−tin distances, which indicates the
remarkable flexibility of the xanthene backbone. As a result,
the backbone loses planarity and folding along the O13−C6
axis (folding angle 138°). In comparison, the xanthene
backbone of ArMeXantPh 8 reveals a folding angle of 135°.
Further crystallographic details are available in the Supporting
Information.

NMR Spectroscopy. For compounds 5−8 1H, 13C, as well
as 119Sn NMR spectra are consistent with the molecular
symmetries of the solid state structures. In the case of
AriPrXantPh 9 the assignment of the signals in 1H and 13C
NMR spectra was difficult due to the reversibility of the
reaction. Nevertheless, it is possible to assign the singlet
resonance for the olefinic proton attached to the four-
membered ring in the 1H NMR spectrum of each
distannacyclobutene. The assignment is unambiguous because

Figure 2. ORTEP plot of the molecular structure of distannene 1. All
hydrogen atoms are omitted; ellipsoids are given at the 50%
probability level. Selected interatomic distances [Angstroms] and
angles [degrees]: Sn1−Sn2 2.7838(2), Sn1−C1 2.208(2), Sn1−C58
2.202(2), Sn2−C25 2.178(2), Sn2−C49 2.157(2), C49−C58
2.565(2), C58−Sn1−C1 102.11(6), C58−Sn1−Sn2 84.98(4), C1−
Sn1−Sn2 114.92(4), C49−Sn2−C25 106.31(6), C49−Sn2−Sn1
88.63(4), C25−Sn2−Sn1 134.69(4), C58−Sn1−Sn2−C49 9.40(6).

Scheme 7. Reactions of Compounds 1−4 with Acetylenesa

aCompound 10 is only characterized by NMR-spectroscopic findings.
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Figure 3. ORTEP plot of the molecular structure of ArMeAnapPh 5.
All hydrogen atoms and cocrystallized solvent molecules are omitted;
ellipsoids are given at the 50% probability level. Selected interatomic
distances [Angstroms] and angles [degrees]: Sn1−Sn2 2.75762(1),
Sn1−C13 2.1658(1), Sn1−C1 2.1711(1), Sn1−C71 2.1839(1), Sn2−
C37 2.1583(1), Sn2−C9 2.1686(1), Sn2−C70 2.169(2), C70−C71
1.342(2), C1−C9 2.582(2), C13−Sn1−C1 117.12(5), C1−Sn1−C71
97.11(5), C13−Sn1−Sn2 147.95(4), C1−Sn1−Sn2 86.85(4), C71−
Sn1−Sn2 71.68(4), C37−Sn2−C9 110.29(5), C9−Sn2−C70
103.98(5), C37−Sn2−Sn1 155.27(4), C9−Sn2−Sn1 88.02(4),
C70−Sn2−Sn1 70.33(4), C71−C70−Sn2 110.93(10), C70−C71−
Sn1 107.00(1).

Figure 4. ORTEP plot of the molecular structure of ArMeAnapTMS 6.
All hydrogen atoms are omitted; ellipsoids are given at the 50%
probability level. Selected interatomic distances [Angstroms] and
angles [degrees]: Sn1−Sn2 2.7669(2), Sn1−C25 2.177(3), Sn1−C1
2.179(3), Sn1−C33 2.193(3), Sn2−C31 2.156(3), Sn2−C37
2.166(2), Sn2−C32 2.174(3), C32−C33 1.342(4), C31−C25
2.584(4), C25−Sn1−C1 117.74(1), C25−Sn1−C33 98.17(1), C25−
Sn1−Sn2 86.20(7), C33−Sn1−Sn2 72.46(7), C31−Sn2−C37
115.72(10), C31−Sn2−C32 101.66(1), C31−Sn2−Sn1 88.80(7),
C32−Sn2−Sn1 69.37(7).

Figure 5. ORTEP plot of the molecular structure of ArMeNapPh 7. All
hydrogen atoms are omitted; ellipsoids are given at the 50%
probability level. Selected interatomic distances [Angstroms] and
angles [degrees]: Sn1−Sn2 2.7444(2), Sn1−C46 2.164(2), Sn1−C14
2.177(2), Sn1−C4 2.184(2), Sn2−C16 2.161(2), Sn2−C6 2.162(2),
Sn2−C5 2.169(2), C4−C5 1.341(2), C14−C6 2.554(2), C46−Sn1−
C14 118.66(6), C46−Sn1−C4 126.73(7), C14−Sn1−C4 99.22(6),
C46−Sn1−Sn2 140.40(5), C14−Sn1−Sn2 86.44(5), C4−Sn1−Sn2
71.96(5), C5−Sn2−Sn1 70.36(5), C5−C4−Sn1 106.53(1), C4−C5−
Sn2 111.00(1), C16−Sn2−C6 115.53(7), C16−Sn2−C5 116.35(7),
C6−Sn2−C5 104.51(7), C16−Sn2−Sn1 150.45(5), C6−Sn2−Sn1
88.16(5), C5−Sn2−Sn1 70.36(5), C5−C4−Sn1 106.53(1), C40−
C4−Sn1 127.12(1), C5−C4−C40 125.7(2).

Figure 6. ORTEP plot of the molecular structure of ArMeXantPh 8. All
hydrogen atoms are omitted; ellipsoids are given at the 50%
probability level. Selected interatomic distances [Angstroms] and
angles [degrees]: Sn1−Sn2 2.8965(2), Sn1−C101 2.188(2), Sn2−
C100 2.159(2), C100−C101 1.337(3), Sn1−C1 2.182(2), Sn1−C17
2.184(2), Sn2−C11 2.185(2), Sn2−C41 2.184(2), Sn1−C101−C100
108.5(2), Sn2−C100−C101 113.3(2), C1−Sn1−C17 103.92(9),
C11−Sn2−C41 102.98(9), C1−Sn1−Sn2 108.02(6), C11−Sn2−Sn1
107.94(6), C17−Sn1−Sn2 140.29(6), C41−Sn2−Sn1 147.09(6),
C1−Sn1−Sn2−C11 −4.65(9).
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of 2JSn−H and 3JSn−H coupling, giving rise to two sets of 119Sn as
well as 117Sn satellites. The proton-coupled 119Sn NMR spectra
reveal two doublet signals for compounds 5−9 caused by the
coupling with the olefinic proton attached to the ring. The
existence of two resonances indicates the chemical inequiva-
lency of the two tin atoms. The signals are shifted upfield
compared to the respective distannene or bis(stannylene),
which is consistent with an increase of the coordination number
of the tin atoms from three to four.40,41 In order to improve the
signal-to-noise-ratio, proton-decoupled 119Sn NMR spectra
were recorded. These allowed us to observe the expected
119Sn and 117Sn satellites due to coupling between the two tin
atoms. The spectroscopic data are summarized in Table 1.

Reversibility. The first observation of the reversibility of
some of these cycloadditions was made when a light yellow
sample of pure ArMeAnapTMS 6 in C6D6 solution turned
slightly green after 1 h at room temperature. After several hours
the solution was intense green. In order to shed light into that
observation we conducted 1H and 119Sn NMR experiments.
The 1H NMR spectrum of the pure compound 6 clearly shows
a singlet signal at −0.22 ppm, which can be assigned to the
methyl groups of the trimethylsilyl substituent attached to the
four-membered ring. This signal exhibits satellite signals due to

2JSi−H and 4JSn−H coupling (2JSi−H = 6.6 Hz, 4J117Sn−H = 113.3
Hz, 4J119Sn−H = 118.9 Hz). In addition, the spectrum of the
intense green solution, obtained from pure ArMeAnapTMS 6
after several hours in a sealed J. Young NMR tube, shows a
second singlet signal at 0.20 ppm with silicon and 13C satellite
signals. This signal can be assigned to the methyl groups of free
trimethylsilylacetylene (2JSi−H = 7.1 Hz, 1J13C−H = 120.1 Hz).
Furthermore, the 119Sn NMR spectrum exhibits, in addition to
the two resonances of compound 6 at 56 and −88 ppm, one
signal at 375 ppm which can be assigned to distannene 1.
ArMeAnapPh 5 shows similar behavior, though the color

change to light green was visible only after 1 day. Again, the
119Sn NMR spectrum reveals the presence of distannene 1
besides ArMeAnapPh 5. However, the sample of ArMeAnapPh 5
only changes to pale green, indicating that the equilibrium at
ambient temperature lies further on the side of the cyclo-
addition product than in the case of the sample of
ArMeAnapTMS 6. This is also supported by 119Sn NMR
spectroscopy as the relative share of the signal of distannene 1
compared to the signals of ArMeAnapPh 5 or ArMeAnapTMS 6
is in the case of ArMeAnapTMS 6 remarkably higher. In
addition, the reaction of bis(stannylene) 4 with phenylacetylene
shows a similar behavior. After a few days, the color of a
solution of pure AriPrXantPh 9 changes from light yellow to
orange-brown and 1H and 119Sn NMR spectra show partial
reformation of bis(stannylene) 4. The formation of ArMeNapPh
7 and ArMeXantPh 8, in contrast, does not show any indication
of reversibility at room temperature. The thermal stability of
both compounds was examined by heating a C6D6 solution for
several days in a sealed J. Young NMR tube up to 60 °C. No
significant change of the 1H NMR spectra was observed.
In order to shed further light into the role of the backbone,

distannene 2 was also reacted with an excess of trimethylsily-
lacetylene. The 119Sn NMR spectrum of the crude reaction
mixture reveals two doublet signals at 50 and −84 ppm,
indicating the quantitative formation of a similar cycloaddition
product as in the case of compounds 5−9. After removing the
excessive trimethylsilylacetylene under reduced pressure and
dissolving the residue, the 119Sn NMR spectrum shows an
additional signal at 396 ppm which can be assigned to
distannene 2, implying the extrusion of acetylene from the
cycloadduct. Furthermore, a color change of the sample from
light green to intense green was observed, supporting the
assumption of reversibility. As distannene 2 shows reversible
and irreversible cycloaddition reactions depending on the
acetylene, we cannot draw a clear correlation between the
backbone of the distannene and the observed reversibility.
However, crystallization of ArMeNapTMS 10 has so far not
been successful, and we were not able to prove the reversibility
by dissolving crystals of ArMeNapTMS 10 and monitoring a
probable backward reaction.
For determination of the thermodynamic parameters of the

equilibrium reaction a van’t Hoff analysis of variable-temper-
ature 1H NMR spectroscopy of the dissociation reaction of
ArMeAnapTMS 6 was performed and afforded a change in
enthalpy of dissociation (ΔHdiss) of 71.6 kJ·mol

−1 and a change
in entropy (ΔSdiss) of 190.5 J·K−1·mol−1. Using the Gibbs−
Helmholtz equation, ΔGdiss at 298.15 K = 14.8 kJ·mol−1,
describing the dissociation reaction as an endergonic process.
Unfortunately, a van’t Hoff analysis of the reactions with
phenylacetylene was not possible due to overlapping signals in
1H NMR spectra. In addition to the experimental results, the

Figure 7. ORTEP plot of the molecular structure of AriPrXantPh 9. All
hydrogen atoms are omitted; ellipsoids are given at the 50%
probability level. Selected interatomic distances [Angstroms] and
angles [degrees]: Sn1−Sn2 2.8983(3), Sn1−C101 2.191(3), Sn2−
C100 2.155(3), C100−C101 1.345(5), Sn1−C1 2.162(3), Sn2−C11
2.172(3), Sn1−C17 2.154 (3), Sn2−C53 2.202(3), Sn1−C101−C100
106.7(2), Sn2−C100−C101 114.7(3), C1−Sn1−C17 107.62(1),
C11−Sn2−C53 109.41(1), C1−Sn1−Sn2 107.63(9), C11−Sn2−Sn1
107.99(8), C17−Sn1−Sn2 128.97(9), C53−Sn2−Sn1 140.06(9),
C101−Sn1−C17 132.89(1), C100−Sn2−C53 108.40(1).

Table 1. 119Sn/119Sn{1H} NMR Spectroscopic Data of 1,2-
Distannacyclobut-3-enes 5−10

compound
δ (119Sn)
[ppm]

2/3J119Sn−H
[Hz]

1J119Sn−119Sn/
1J119Sn−117Sn

[Hz]

2/3J119Sn−Si
[Hz]

5 −40, −125 446/127 4624/4419
6 56, −88 578/193 2488/2389 166/317
7 −44, −118 442/126 4578/4373
8 −10, −92 490/140 7037/6724
9 4, −66 547/139 6463/6188
10 50, −84 575/240 2463/2356 168/315
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enthalpies of dissociation (ΔHdiss) at 298.15 K of distannacy-
clobutenes 5−7 were computed by DFT calculations.42 The
computed value of the enthalpy of dissociation of
ArMeAnapTMS 6, ΔHdiss = 70.9 kJ·mol−1, is in surprisingly
good accordance with the experimental results, taking into
account that solvation effects are not considered. Changing the
substituent on the acetylene from trimethylsilyl to phenyl
results in a more endothermic dissociation reaction. This is
indicated by the calculated dissociation enthalpy of ΔHdiss =
96.0 kJ·mol−1 for ArMeAnapPh 5. Furthermore, the variation of
the backbone from acenaphthene to naphthalene likewise
results in a higher dissociation enthalpy of ΔHdiss = 99.0 kJ·
mol−1.
The insolubility of ArMeAnapPh 5 and ArMeAnapTMS 6 in n-

hexane as well as the use of an excess of the acetylenes seem to
be the driving forces for the formation of the four-membered
cycles. The removal of the excessive acetylene and the change
of solvent enables the backward reaction. A possible
explanation for the existence of an equilibrium reaction could
be ring strain in the four-membered cycles. The reaction of
distannene 2 with phenylacetylene does not show reversibility
at room temperature, which implies a higher activation energy
barrier preventing the backward reaction. Furthermore, the
substituent on the acetylene seems to have an influence on the
location of the equilibrium. Using the sterically demanding
trimethylsilyl substituent on the acetylene compared to the less
demanding phenyl substituent in the reaction of distannene 1,
the equilibrium is shifted further to the side of the starting
material.

■ CONCLUSION
Cyclic distannenes with varying backbones and a bis-
(stannylene) with a xanthene backbone react with phenyl-
acetylene or trimethylsilylacetylene to give products of
cycloaddition reactions. With no obvious correlation to the
molecular structures these ring formation reactions are at
ambient temperature reversible in four cases and irreversible in
two cases. On the basis of a van’t Hoff analysis and in
comparison to quantum chemical calculations the dissociation
enthalpy of a distannacyclobutene was determined.

■ EXPERIMENTAL SECTION
General Procedures. All manipulations were carried out under an

argon atmosphere using standard Schlenk techniques or an MBraun
Glovebox. Diethyl ether and benzene were distilled from sodium/
benzophenone, while n-hexane was obtained from an MBraun solvent
purification system. Benzene-d6 was also distilled from sodium. In
addition, all solvents were repeatedly degassed by several freeze−
pump−thaw cycles and stored in a glovebox. Distannenes 2/3 and
bis(stannylene) 4 as well as [2,6-Mes2C6H3SnCl]2 were prepared
according to published procedures.29−31 All other compounds were
purchased commercially (Aldrich) and used without further
purification. Elemental analysis was performed by the Institut für
Anorganische Chemie, Universitaẗ Tübingen, using a Vario MICRO
EL analyzer. NMR spectra were recorded on a Bruker DRX-250 NMR
spectrometer (1H 250.13 MHz, 13C 62.90 MHz, 119Sn 93.28 MHz)
equipped with a 5 mm ATM probe head, a Bruker AvanceII+400
NMR spectrometer (1H 400.13 MHz, 13C 100.61 MHz) equipped
with a 5 mm QNP (quad nucleus probe) head, or a Bruker AvanceII
+500 NMR-spectrometer (1H 500.13 MHz, 13C 125.76 MHz, 119Sn
186.50 MHz) equipped with a 5 mm ATM or a 5 mm TBO probe
head and a setup for variable temperature. The chemical shifts are
reported in δ values in ppm relative to external SiMe4 (

1H, 13C) or
SnMe4 (

119Sn) using the chemical shift of the solvent 2H resonance
frequency and Ξ = 25.145020% for 13C and 37.290632% for 119Sn.43

The multiplicity of the signals is indicated as s = singlet, d = doublet, t
= triplet, and m = multiplet or unresolved. For the assignment of
proton and carbon signals detailed analysis of 1H, 13C{1H}, 1H−1H
COSY, 1H−13C HSQC, 1H−13C HMBC, and 13C{1H} DEPT 135
spectra was done.

[(2,6-Mes2)C6H3Sn]2C12H8 (1). A solution of 5,6-dibromoacenaph-
thene (0.2 g, 0.64 mmol, 1 equiv) in Et2O (5 mL) was cooled to −40
°C. While stirring, a 1.6 M n-BuLi solution in n-hexane (0.80 mL, 1.28
mmol, 2 equiv) was added dropwise at ambient temperature. The
resulting yellow solution was then stirred for 10 min. The solvent and
n-butyl bromide were removed under reduced pressure (10−3 mbar, 1
h). The slightly yellow residue was redissolved in Et2O (3 mL) and
cooled to −40 °C. While stirring, the solution was added dropwise to a
cooled solution (−40 °C) of [2,6-Mes2C6H3SnCl]2 (0.49 g, 0.64
mmol, 1 equiv) in Et2O (40 mL). The resulting intense green mixture
was stirred overnight at ambient temperature. The solvent was
removed under reduced pressure, and the residue was extracted into n-
hexane (60 mL). The n-hexane extracts were filtered through Celite,
and the filtrate was reduced to incipient crystallization (ca. 20 mL).
The mixture was allowed to crystallize at −40 °C for several days.
Filtration of the cool supernatant solution yielded the intense green
product 1. The filtrate was further concentrated, and a second crop of
the product could be obtained by repeated crystallization yielding
compound 1 as a green crystalline solid. Combined yield: 0.34 g, 0.33
mmol, 52%. 1H (C6D6, 500.13 MHz): δ (ppm) 2.04 (s, 12H, CH3-
mes), 2.15 (s, 12H, CH3-mes), 2.42 (s, 12H, CH3-mes), 3.07 (s, 4H,
CH2−C12H8), 6.42 (s, 4H, m-CH-mes), 6.62 (s, 4H, m-CH-mes), 7.17
(d, 3JH−H = 7.6 Hz, 4H, m-C6H3), 7.28 (d, 3JH−H = 6.7 Hz, 2H, CH−
C12H8), 7.39 (t,

3JH−H = 7.6 Hz, 2H, p-C6H3), 8.09 (d,
3JH−H = 7.2 Hz,

2H, CH−C12H8).
13C{1H} (C6D6, 125.76 MHz): δ (ppm) 20.7, 21.3,

21.4 (CH3-mes), 30.0 (CH2−C12H8), 118.5 (CH−C12H8), 127.6−
128.1 (CH2−C12H8/m-C6H3 superimposed by solvent signal), 128.7
(m-CH-mes), 128.9 (p-C6H3), 129.01 (m-CH-mes), 135.2 (CH−
C12H8), 136.0 (o-C-mes), 136.3 (o-C-mes), 137.1 (p-C-mes), 137.6
(C−C12H8), 140.7 (C−C12H8, ipso-C-mes), 146.3 (C−C12H8), 149.2
(o-C6H3), 161.8 (ipso-C6H3), 173.4 (ipso-C−C12H8).

119Sn{1H}
(C6D6, 186.50 MHz): δ (ppm) 376 (s, 1J119Sn−117Sn = 9478 ± 30
Hz). Anal. Calcd for C60H58Sn2: C, 70.89; H, 5.75. Found: C, 69.58;
H, 4.50.

[(2,6-Mes2)C6H3Sn]2C12H8C2HPh (5). Distannene 1 (50.0 mg, 49.2
μmol, 1 equiv) was dissolved in n-hexane (6 mL) and stirred with an
excess of phenylacetylene (ca. 0.05 mL) at ambient temperature for
several days until an off-white precipitate was formed. The precipitate
was isolated by filtration and dried under reduced pressure. A
concentrated solution in benzene was allowed to crystallize at ambient
temperature for a few days and yielded the pure product as slightly
yellow crystals (37.3 mg, 33.3 μmol, 68%). 1H (C6D6, 400.13 MHz): δ
(ppm) 1.81, 2.19, 2.22, 2.37, 2.46, 2.50 (s, 6H, CH3-mes), 3.09 (m,
4H, CH2−C12H8), 5.73 (s, 2J117Sn−H = 406.9 Hz, 2J119Sn−H = 426.6 Hz,
3J117Sn−H = 125.0 Hz, 3J119Sn−H = 130.7 Hz, 1H, CH−HC2Ph), 6.18,
6.65 (s, 2H, m-CH-mes), 6.84−6.89 (m, 3H, o-CH−C6H5, CH−
C12H8), 6.94−6.98 (m, 5H, m-CH-mes, CH−C12H8), 7.02−7.05 (m,
3H, m-CH−C6H5, p-CH−C6H5), 7.15−7.19 (m, 5H, m-C6H3, CH−
C12H8), 7.33, 7.43 (t, 3JH−H = 7.5 Hz, 1H, p-C6H3), 7.74 (d + 2 dd,
3JH−H = 6.6 Hz, 3/4J117Sn−H = 31.7 Hz, 3/4J119Sn−H = 45.2 Hz, 1H, CH−
C12H8).

13C{1H} (C6D6, 100.60 MHz): δ (ppm) 20.9, 21.0, 21.3, 21.5,
21.7, 21.8 (CH3-mes), 29.6, 29.7 (CH2−C12H8), 117.5 (CH−C12H8),
118.3 (CH−C12H8/o-CH−C6H5), 125.3 (CH−C12H8), 126.1(CH−
C12H8/o-CH−C6H5), 127.0 (m-CH−C6H5, p-CH−C6H5), 128.3 (o-C-
mes/p-C-mes), 128.5 (m-CH-mes), 128.6, 128.7 (m-CH-mes/CH−
C12H8/m-C6H3), 129.0 (m-CH-mes), 129.8 (m-C6H3/p-C6H3/CH−
C12H8),134.9 (m-CH−C6H5, p-CH−C6H5), 135.4, 135.5 (o-C-mes/
ipso-C-mes), 135.9 (CH−C12H8), 136.0, 136.2,136.3, 136.4, 136.6 (o-
C-mes/ipso-C-mes),139.1, 139.2 (m-CH−C6H5/p-CH−C6H5/C−
C12H8), 140.4, 141.3 (o-C-mes/p-C-mes), 141.7 (C−C12H8), 143.1
(quart. CAryl), 143.5 (C−C12H8), 144.0 (ipso-C−C6H3/ipso-C−C6H5/
ipso-C−C12H8/C−C12H8), 145.0 (ipso-C−C6H5/o-CH−C6H5), 145.8,
145.9 (m-CH−C6H5/p-CH−C6H5/C−C12H8), 146.7 (C−C12H8/ipso-
C-mes), 147.2 (ipso-C−C6H3/ipso-C−C6H5/ipso-C−C12H8), 149.8(o-
C6H3, according to HMBC), 150.7 (o-C6H3), 154.4 (CH−HC2Ph),
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171.6 (C−HC2Ph).
119Sn (C6D6, 93.28 MHz): δ (ppm) −40 (d,

2/3JSn−H = 446 Hz), −125 (d, 2/3JSn−H = 127 Hz). 119Sn{1H} (C6D6,
93.28 MHz): δ (ppm) −40 (s, 1J119Sn−119Sn = 4624 ± 30 Hz,
1J119Sn−117Sn = 4419 ± 30 Hz), −125 (s, 1J119Sn−119Sn = 4624 ± 30 Hz,
1J119Sn−117Sn = 4419 ± 30 Hz). Anal. Calcd for C68H64Sn2·C6D6: C,
74.27; H, 5.90. Found: C, 74.15; H, 5.52.
[(2,6-Mes2)C6H3Sn]2C12H8C2HSiMe3 (6). Following a similar proto-

col as for the preparation of compound 5, product 6 was obtained as
yellow-green crystals. The crystals were washed with 0.5 mL of cold n-
hexane in order to get rid of small amounts of distannene 1, which was
formed because of the reversibility of the reaction at ambient
temperature, resulting in slightly yellow crystals (30.5 mg, 27.3 μmol,
56%). 1H (C6D6, 500.13 MHz): δ (ppm) −0.22 (s, 3JSi−H = 6.62 Hz,
JSn−H = 118.90 Hz, 9H, Si(CH3)3), 2.17−2.46 (m, 36H, CH3-mes),
3.05 (m, 4H, CH2−C12H8), 6.69 (d, 1H,

3JH−H = 6.7 Hz, CH−C12H8),
6.77 (s, 2H, m-CH-mes), 6.87 (m, 4H, CH−C12H8, m-CH-mes, CH−
HC2Si(CH3)3), 7.01 (br s, 2H, m-CH-mes), 7.13 (d, 3JH−H = 7.5 Hz,
3H, m-C6H3, CH−C12H8), 7.18 (d,

3JH−H = 7.6 Hz, 2H, m-C6H3), 7.26
(s, 2H, m-CH-mes (superimposed by solvent signal)), 7.31 (t, 3JH−H =
7.5 Hz, 1H, p-C6H3), 7.43 (t, 3JH−H = 7.6 Hz, 1H, p-C6H3).

13C{1H}
(C6D6, 125.76 MHz): δ (ppm) 0.7 (Si(CH3)3), 20.9, 21.7, 21.8 (CH3-
mes), 29.7 (CH2−C12H8), 117.7, 118.2 (CH−C12H8), 127.6−128.0
(m-CH-mes superimposed by solvent signal), 128.3 (m-C6H3), 128.5,
128.7 (3 × m-CH-mes), 128,8 (m-C6H3), 129.5, 129.8 (p-C6H3),
134.1, 136.0 (CH−C12H8), 136.1, 136.3, 136.5, 136.6, 137.8
(CAryl, quart), 139.0(Cquart−C12H8/ipso-C-mes), 141.2 (ipso-C-mes),
143.2, 144.9 (Cquart−C12H8), 145.3 (Cquart−C12H8/ipso-C-mes),
146.6 (Cquart−C12H8), 146.7 (ipso-C-mes), 148.1 (Cquart−C12H8),
150.1 (o-C6H3), 169.5 (CH−HC2Si(CH3)3), 176.7 (C−HC2Si-
(CH3)3)).

119Sn (C6D6, 93.28 MHz): δ (ppm) 56 (d, 2/3JSn−H = 578
Hz), −87 (d, 2/3JSn−H = 193 Hz). 119Sn{1H} (C6D6, 93.28 MHz): δ
(ppm) 56 (s + 3 d, 2/3JSn−Si = 166 Hz, 1J119Sn−119Sn = 2466 ± 30 Hz,
1J119Sn−117Sn = 2353 ± 30 Hz), −87 (s + 3 d, 2/3JSn−Si = 317 Hz,
1J119Sn−119Sn = 2488 ± 30 Hz, 1J119Sn−117Sn = 2389 ± 30 Hz). 29Si
DEPT45 (C6D6, 49.69 MHz): −7.1 (s). Anal. Calcd for C65H67SiSn2:
C, 70.10; H, 6.06. Found: C, 70.21; H, 5.83.
[(2,6-Mes2)C6H3Sn]2C10H6C2HPh (7). Distannene 2 (50.0 mg, 50.5

μmol, 1 equiv) was dissolved in n-hexane (6 mL) and stirred with an
excess of phenylacetylene (ca. 0.05 mL) at ambient temperature for
several days until a color change to red-orange was completed. All
volatiles were removed under reduced pressure. A concentrated
solution in n-hexane was allowed to crystallize at ambient temperature
for a few days and yielded the pure product as yellow crystals (21.5
mg, 19.7 μmol, 39%). 1H (C6D6, 400.13 MHz): δ (ppm) 1.78, 2.15,
2.22, 2.31, 2.43, 2.47 (s, 6H, CH3-mes), 5.64 (s, J117Sn−H = 124.2 Hz,
J119Sn−H = 129.2 Hz, J117Sn−H = 405.5 Hz, J119Sn−H = 424.5 Hz, 1H,
CH−HC2Ph), 6.12, 6.61 (s, 2H, m-CH-mes), 6.86−6.90 (m, 4H, m-
CH-mes, CH−C6H5), 6.95−6.99 (m, 5H, m-CH-mes, CH−C10H6, m-
C6H3), 7.03−7.04 (m, 2H, CH−C6H5), 7.16 (m, 4H, CH−C6H5,
CH−C10H6, m-C6H3), 7.30 (m, 1H, CH−C10H6), 7.33 (m, 1H, p-
C6H3), 7.42 (t, 3JH−H = 7.6, 1H, p-C6H3), 7.46, 7.63 (dd, 3JH−H = 8.2
Hz, 3JH−H = 1.4, 1H, CH−C10H6), 7.73 (dd, 3JH−H = 6.6, 3JH−H = 1.4,
1H, CH−C10H6).

13C{1H} (C6D6, 100.60 MHz): δ (ppm) 20.7, 20.9
(2 × CH3-mes), 21.3, 21.6, 21.8 (CH3-mes), 123.1 (CH−C10H6),
124.1 (m-C6H3), 125.3 (CH−C10H6/m-CH-mes), 126.1 (CH−C6H5),
127.0 (CH−C6H5), 127.6−128.0 (CH−C10H6), 128.7−128.8 (m-CH-
mes, CH−C10H6, CH−C6H3, CH−C6H5), 129.1 (m-CH-mes), 129.7
(CH−C10H6), 129.9 (2 × p-C6H3), 130.5 (quart. CAryl), 134.0 (CH−
C10H6/CH−C6H3/m-CH-mes), 134.7 (quart. CAryl), 135.0 (CH−
C10H6), 135.3, 135.5, 135.8, 136.0, 136.2, 136.3, 136.5, 136.6, 139.2,
140.2, 141.2, 141.7, 142.8, 144.1, 144.4, 147.2, 150.7, 151.5 (CAryl,quart),
154.1 (CH−HC2Ph), 172.1 (CAryl,quart).

119Sn (C6D6, 93.28 MHz): δ
(ppm) −44 (d, 2/3JSn−H = 415.1 Hz), −118 (d, 2/3JSn−H = 126.3 Hz).
119Sn{1H} (C6D6, 93.28 MHz): δ (ppm) −44 (s + 2 d, 1J119Sn−119Sn =
4578 ± 30 Hz, 1J119Sn−117Sn = 4373 ± 30 Hz), −118 (s + 2 d,
1J119Sn−119Sn = 4578 ± 30 Hz, 1J119Sn−117Sn = 4373 ± 30 Hz). Anal.
Calcd for C66H62Sn2: C, 72.55; H, 5.72. Found: C, 72.40; H, 5.17.
[(2,6-Mes2)C6H3Sn]2C15H12OC2HPh (8). Distannene 3 (100 mg, 93

μmol, 1 equiv) and phenylacetylene (10 mg, 98 μmol, 1.05 equiv)

were stirred in n-hexane (10 mL) at ambient temperature overnight.
The reaction mixture turned colorless, and colorless product 8
precipitated. The precipitate was isolated by filtration and dried under
reduced pressure. The filtrate was placed in a freezer at −40 °C, and
cold filtration yielded a second crop of product 8 (70 mg, 59.5 μmol
64%). Few single crystals were obtained from a concentrated solution
in n-hexane after crystallization for a few days at ambient temperature.
1H (C6D6, 500.13 MHz): δ (ppm) 1.32 (s, 3H, CH3-xan), 1.39 (s, 3H,
CH3-xan), 1.92 (br s, 3H, CH3-mes), 1.98 (br s, 3H, CH3-mes), 2.01
(s, 3H, CH3-mes), 2.04 (br s, 3H, CH3-mes), 2.15−2.25 (br
resonances, 6H, CH3-mes), 2.19 (s, 3H, CH3-mes), 2.25 (s, 3H,
CH3-mes), 2.29 (s, 3H, CH3-mes), 2.33 (s, 3H, CH3-mes), 2.35 (s,
3H, CH3-mes), 2.40 (br s, 3H, CH3-mes), 5.94 (br s, 1H, m-CH-mes),
6.33 (br s, 1H, m-CH-mes), 6.38 (s + 4 d, J119Sn−H = 487 Hz, J117Sn−H =
464 Hz, J119Sn−H = 141 Hz, J117Sn−H = 135 Hz, CH−HC2Ph), 6.63−
6.64 (m, 3H, 2× o-CH−C6H5, CH−Ar), 6.68 (s, 1H, CH−Ar), 6.70
(s, 1H, CH−Ar), 6.71 (s, 1H, CH−Ar), 6.74−6.77 (m, 1H, CH-xan),
6.79−6.80 (m, 1H, CH-xan), 6.87−7.00 (m, 8H, 2 × CH-xan, 2 × m-
CH−C6H5, p-CH−C6H5, 3 × CH-Ar), 7.05 (s, 1H, CH−Ar), 7.06−
7.08 (m, 1H, CH−Ar), 7.10 (br s, 1H, CH−Ar), 7.23−7.28 (m, 3H,
CH-xan, 2 × CH−Ar), 7.34 (dd + tin satellites, 3JH−H = 7.2 Hz, 4JH−H
= 1.3 Hz, J119/117Sn−H = 28 Hz, CH-xan). 13C{1H} (C6D6, 125.76
MHz): δ (ppm) 21.3, 21.4 (CH3-mes), 21.4−21.6 (br, CH3-mes),
21.7, 21.8, 21.9 (CH3-mes), 22.2 (multiple resonances, CH3-mes),
23.0 (br, CH3-mes), 23.2 (2s, CH3-xan and CH3-mes), 29.4 (s, 1C,
CH3-xan), 37.6 (C(CH3)2-xan), 123.1, 123.2, 123.3, 124.5 (CH-xan),
125.9 (p-CH−C6H5), 126.7 (2 × o-CH−C6H5), 126.8 (2 × m-CH−
C6H5), 128.6, 128.8, 128.9, 129.0, 129.3 (CAryl), 128.8−129.4 (elevated
underground probably arising from br CAryl resonances), 129.6, 129.8,
130.0 (CAryl), 132.9 (CH-xan), 134.2 (C-xan), 134.7 (CH-xan), 135.5
(br), 135.8 (C-xan and CAryl), 135.9, 135.9 (CAryl), 136.5 (C-xan),
136.5, 136.5, 136.6, 137.1, 137.4 (CAryl), 140.7 (br), 141.0 (br), 141.5,
142.1 (CAryl), 147.0 (2 s, C−C6H5 and CAryl), 147.2 (CAryl), 149.2 (br,
CAryl), 150.3 (CAryl), 158.6, 160.3 (C-xan), 161.1 (CH−HC2Ph), 176.6
(C−HC2Ph).

119Sn (C6D6, 93.28 MHz): δ (ppm) −10 (d, 2/3JSn−H =
490 Hz), −92 (d, 2/3JSn−H = 140 Hz). 119Sn{1H} (C6D6, 186.50 MHz):
δ (ppm) −10 (s + 2d, 1J119Sn−119Sn = 7037 ± 30 Hz, 1J119Sn−117Sn = 6724
± 30 Hz), −92 (s + 2d, 1J119Sn−119Sn = 7037 ± 30 Hz, 1J119Sn−117Sn =
6724 ± 30 Hz). Anal. Calcd for C71H68OSn2: C, 72.59; H, 5.83.
Found: C, 72.66; H, 5.66.

[(2,6-Trip2)C6H3Sn]2C15H12OC2HPh (9). Bis(stannylene) 4 (100 mg,
36 μmol, 1 equiv) was dissolved in n-hexane (5 mL) and stirred with
an excess of phenylacetylene (10 mg, 98 μmol, 1.72 equiv) at ambient
temperature overnight. A color change from red-brown to light yellow
was observed. The solvent was removed under reduced pressure. A
concentrated solution in Et2O was allowed to crystallize at −40 °C to
yield the product as yellow crystals (46.1 mg, 30.5 μmol, 43%). 1H
(C6D6, 400.13 MHz): δ (ppm) 0.93−1.43 (multiple resonances, 78H,
CH3-iPr and CH3-xan), 2.59 (m, 3H, CH-iPr), 2.76 (sept, 1H, CH-
iPr), 2.90 (m, 2H, CH-iPr), 3.12 (sept, 1H, CH-iPr), 3.33 (m, 3H,
CH-iPr), 3.46 (sept, 1H, CH-iPr), 3.71 (sept, 1H, CH-iPr), 6.44−6.49
(multiple resonances, 3H, CH−Ar), 6.53−6.56, m, 1H, CH−Ar), 6.71
(s + 2 d, J119Sn−H = 512 Hz, J117Sn−H = 492 Hz, CH−HC2Ph), 6.73−
7.25 (multiple resonances, CH−Ar), 7.45(dd, 1H, CH−Ar), 7.63 (dd,
1H, CH−Ar). 13C{1H} (toluene-d8, 100.62 MHz): δ (ppm) 23.7, 24.2,
24.4, 24.5, 24.6, 25.1, 25.2, 25.4, 25.7, 25.9, 26.1, 26.4, 26.5, 26.6, 26.7,
26.9, 27.3, 27.6, 27.9, 30.4, 30.5, 30.7, 30.8, 31.0 (2 × ), 31.3, 31.4,
31.6, 32.3, 34.1, 34.6 (2×), 34.7, 36.9, 47.3, 56.7, 77.7, 83.9, 120.0,
120.7 (2×), 120.9, 121.3, 121.4, 121.6, 122.1, 122.9, 123.0, 123.2,
123.3, 123.7, 124.7, 125.8, 126.2, 127.1, 127.3, 127.5, 128.1, 128.3,
128.4 (2×), 128.7, 130.5, 132.3, 132.4, 132.5, 132.7, 132.9, 134.0,
134.1, 135.7, 137.1, 137.7, 137.9, 138.6 (2×), 140.3, 141.7, 145.7,
145.8, 146.0, 146.1, 147.1, 147.2, 147.4, 147.6, 147.8 (2×), 148.0,
148.2, 148.3, 148.6, 148.7, 148.9 (2×), 149.0. 119Sn (C6D6, 93.28
MHz): δ (ppm) −66 (d, 2/3JSn−H = 139 Hz), 4 (d, 2/3JSn−H = 547 Hz).
119Sn{1H} (C6D6, 93.27 MHz): δ(ppm) −66 (s + 2 d, 1J119Sn−119Sn =
6463 Hz, 1J119Sn−117Sn = 6188 Hz), 4 (s + 2 d, 1J119Sn−119Sn = 6463 Hz,
1J119Sn−117Sn = 6188 Hz). Anal. Calcd for C95H116OSn2: C, 75.50; H,
7.74. Found: C, 75.51; H, 7.40.
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[(2,6-Mes2)C6H3Sn]2C10H6C2HSiMe3 (10). In a J. Young NMR tube
distannene 2 (30.2 mg, 30.5 μmol, 1 equiv) was dissolved in C6D6 (0.5
mL), and an excess of trimethylsilylacetylene (ca. 0.05 mL) was added
at ambient temperature. After 2 days the intense green color of the
solution got lighter. The 119Sn NMR spectrum reveals two doublet
signals at 50 and −84 ppm, indicating quantitative formation of a
similar cycloaddition product as in the case of compounds 5−9. After
removing the excess acetylene from the crude reaction mixture in
vacuo and dissolving the residue in C6D6, the

119Sn NMR spectrum
shows an additional signal at 396 ppm which is assigned to distannene
2. Furthermore, a color change from light green to intense green was
observed. Reasonable interpretation of the 1H or 13C NMR spectrum
was not possible due to the reversibility of the reaction. Furthermore,
no crystals could be obtained so far, which is probably also caused by
the reversibility. The spectral data are shown in the Supporting
Information. 119Sn (C6D6, 93.28 MHz): δ (ppm) 50 (d, 2/3JSn−H = 575
Hz), −84 (d, 2/3JSn−H = 240 Hz). 119Sn{1H} (C6D6, 93.28 MHz): δ
(ppm) 50 (s + 3 d, 2/3JSn−Si = 168 Hz, 1J119Sn−119Sn = 2466 ± 30 Hz,
1J119Sn−117Sn = 2358 ± 30 Hz), −84 (s + 3 d, 2/3JSn−Si = 315 Hz,
1J119Sn−119Sn = 2460 ± 30 Hz, 1J119Sn−117Sn = 2354 ± 30 Hz).
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