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1 Abstract

The present work demonstrates the versatility of easily accessible diorganotin dihydrides as building
blocks for the synthesis of functional tin oligomers as well as molecular clusters. Conversion of
diphenyltin dihydride with alkaline metals and derivatives gives access to a great structural variety of
metalated tin oligomers. Anionic functionality of these catena-, cyclic and bicyclic oligostannyl mono-
and dianions allows further functionalisation or linking to give extended, well-defined o-conjugated
materials. Furthermore, reactivity of selected diaryltin dihydrides with varying steric bulk of the ortho
or respectively para substituent towards low valent tin as well as germanium amides is investigated.
It is shown, that this approach is a convenient route for the synthesis of various appealing functional
tin compounds as wells as molecular clusters featuring non-classical bonding. Isolated molecular
compounds are investigated by state-of-the-art methods including X-ray crystallography,

heteronuclear NMR, IR- as well as UV/Vis spectroscopy.



2 Kurzfassung

In der vorliegenden Arbeit wird die Vielseitigkeit von Diarylzinndihydriden als Baustein fiir die
Synthese von funktionellen Zinnoligomeren und molekularen Clustern gezeigt. Durch die Umsetzung
von Diphenylzinndihydrid mit Alkalimetallen und Alkalimetallverbindungen wurde ein Zugang zur
Synthese von metallierten Zinnoligomeren in einer grofen strukturellen Vielfalt entwickelt. Die
anionische Funktionalitat dieser mono- und dianionischen Ketten, Ringe und bizyklischen Systeme
erlaubt die weitere Derivatisierung oder Verknipfung um ausgedehnte, wohldefinierte o-konjugierte
Materialien zu erhalten. AuBerdem wurde die Reaktivitdt von ausgewahlten Diarylzinndihydriden mit
verschieden groflen Substitutenten in ortho- bzw. in para-Position mit niedervalenten Zinn- und
Germaniumamiden untersucht. Es wird gezeigt, dass diese Methode nicht nur eine bequeme Route
zur Synthese verschiedener ansprechender, funktioneller Zinnverbindungen ist, sondern auch Zugang
zu molekularen Clustern mit nicht-klassischem Bindungsverhaltnis gibt. Die isolierten molekularen
Verbindungen wurden mittels moderner Analysenmethoden darunter Einkristallstrukturanalyse,

Multi-Kern-NMR, IR und UV/Vis Spektroskopie untersucht.
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“Wissenschaft ist organisiertes Wissen. Weisheit ist organisiertes Leben.”

“Science is organised knowledge. Wisdom is organised life.”

Immanuel Kant
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Introduction

3 Introduction

Due to their unique properties and their wide application field, o-conjugated tin polymers as well as
tin clusters and cages have received wide interest in the past and in recent times."™ Both are
described as promising materials for non-linear optics as well as electronic devices.”*” The present
work focuses on alternative synthesis methods for these classes of compounds applying diaryltin

dihydrides as easily accessible building blocks.

Common approaches for the synthesis of tin polymers including WuURTz coupling of diorganotin
dichlorides and dehydrogenative coupling of diorganotin dihydrides using amine bases result usually
in a mixture of products and an undefined blend of catena- and cyclic oligostannanes. Additonally,
these approaches suit only for the synthesis of homopolymers. In course of this research, costly
transition metal complexes have proven their advantages in the synthesis of defined oligo- and
polystannanes.[S] In this work, a route towards the synthesis of defined functional subunits of
polystannes is presented via the reaction of diphenyltin dihydride with alkaline metals and alkaline
metal compounds. Anionic functionality of these compounds provides the opportunity for further
derivatisation and linking to give extended, well-defined o-conjugated materials and block
copolymers with chosen degree of polymerisation. In the synthesis of this surprisingly rich variety of

anionic cyclic and acyclic oligostannides also phenyl group migration is observed.

In respect to corresponding gallium and aluminium compounds, number and structural diversity of
tin cluster and cages are much smaller. Therefore, oligocyclic tin compounds can be considered as a

fairly uninvestigated class of compounds.m Among other strategies, these were accessed via the

[9,10] [11]

thermolysis of oligo-tin fragments, dehydrogenation of organotin(lV) trihydrides,

12 or the derivatisation of ZINTL ions.!*! Observed phenyl group

disproportionation of tin(l) halides
migration in conversions of diphenyltin dihydride with alkaline metals and alkaline metal derivatives
inspired conversions of diaryltin dihydrides with low valent E(ll) amides as an approach for the
syntheses of molecular cages and clusters, which is presented in this work. Deployment of a low
valent amide species enables introduction of naked tin centres into the resulting products already
from the precursors and may also simultaneously force aryl group migration while forming Sn-Sn
bonds. Therefore, more sterically demanding substituents than a phenyl group were introduced on

the diaryltin dihydride for increased stabilisation of eventually formed metastable cages and clusters.

Respective aryl substituents are depicted in Figure 3.1.
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Ar =

Tripp Dipp Dep
Figure 3.1 lllustration of chosen aryl groups with different sterically demanding ortho and para substiutents.

While application of more stabilised E(Il) amides in these reactions like LAPPERT's stannylene and
germylene leads solely to Sn—Sn bond formation resulting in appealing compounds, still featuring
hydride functionalities, using the more basic and more labile Sn(NEt,), resulted in the formation of a

pentastanna[l.1.1]propellane and a metalloid tin cluster SniArs.
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4 Literature

4.1 The Tin-Hydrogen bond

Compared to its lighter homologues, tin forms a rather instable bond to hydrogen. (See Figure 4.1)
Instability and low bond dissociation energy of the tin-hydrogen bond enclose a wide range of
possible reaction mechanisms, including heterolytical as well as homolytical bond cleavage. In case of
heterolytical bond cleavage, calculated electronegativity difference would imply the release of
hydride and the formation of a tin cation as a general reaction trend. Although examples involving
RsSn" species are known, proton abstraction to yield R;Sn~ fragments is well documented.

(Section 4.1.1 Reactivity)

\ \ \
—Sn-H —Ge-H —Si—H
/ / /
BDE (E-H) 253 289 323 [kd/mol]
AEN (E-H) 0.48 0.18 0.46 (ALLRED and ROCHOW)

Figure 4.1 Overview of BDE's (Bond dissocaiton Energies) and A EN (Electronegativity difference) of Group 14 element-
hydrogen bonds.!*"

Stability of R,SnH,., increases with increasing number of R substituents, whereas tin hydrides
featuring alkyl substituents with equal sterical demand exhibit higher stability than corresponding
aryl tin compounds. Under ambient conditions tin hydrides react rapidly with oxygen to the
corresponding hydroxides or oxides.™ The Sn-H bond length varies, depending on the kind and
numbers of substituents R, and its assessment is chaIIenging.“(’] In IR spectroscopy symmetrical
stretching vs of the Sn—H bond is observable as a strong, mostly isolated band in the range of
1800-1850 cm™. Corresponding deformation vibration & falls into the range of 500-600 cm ™.

Tin hydrides are mainly accessed via reduction of the corresponding tin halide, oxide or alkoxide
using a metal hydride. Although reduction with LiAlH, is the most common route, also metal hydrides
like R,AIH, NaBH,, NaBH;CN, B,H¢ LiH, (MeSiHO),, Et;SiH and Rs;SnH are applicable in this

[20]

reaction.®* Alternatively thermal decomposition of organotin formate, hydrolysis of a

[22]

stannylmetallic compound[m or alkylation of a lithium tin hydride'”” were used to obtain tin

hydrides. The latter pathway enables a convenient route for the synthesis of organotin hydrides

carrying mixed organic groups.

Organotinhydrides find a wide application in organic synthesis including hydrostannylation,®!

[24]

reductions'”™ and many more. However, these reactions should not be discussed at this point.
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4.1.1 Reactivity

The tin-hydrogen bond possesses a rather versatile reactivity. In Figure 4.2 an overview of the
different reaction pathways is displayed. Reaction of an organotin hydride with an electrophile leads
to the formation of a tin cation (a). Opposed to this, conversion with a nucleophile yields a tin anion
(b). Homolytical bond cleavage occurs in the reaction with radicals (c). In reaction with transition
metal complexes, the transition metal is able to insert into the Sn-H bond intermediately (d). This
insertion intermediate is reported for transition metal catalysed Sn-E bond formation (E = cl®!, Sn[s])

using organotin hydrides.

\ \
—Sn-H + E* — —Sn* + EH (a)
/ /
\ \
—Sn-H + N ——— —\Sn- + NH (b)
/ / /
—Sn-H + R — —/Sn + RH (c)
\ \
—Sn-H + ML, —— —Sn—(ML,)—H (d)
/ /

Figure 4.2 Overview of various reaction pathways of organotin hydrides.us]

The followed mechanism depends not only on the nature of the reactant, but also on the structure of
the tin hydride itself. Additionally, choice of solvent as well as the presence of Lewis base or acid
plays an important role in reactivity. Apparently, the presence of a radical initiator or inhibitor can

trigger or respectively supress a homolytical bond cleavage.

4.1.1.1 Metalation

When organotin hydrides react with strong organometallic bases, preferably mechanism (b) takes
place and a metalated tin species is usually formed in terms of this reaction. (Figure 4.2) However,
final outcome depends strongly on reaction conditions, choice of solvent and organic substituents of
the tin hydride. As shown in Scheme 4.1, a trialkyltin hydride in THF at 0°C and lithium
diisopropylamide give the corresponding organotin lithium species. In contrast, same reactants in
Et,0 give the Sn-Sn bond coupling product hexaalkyldistannane 1 via the hydrostannyllithium

intermediate 2.7¢
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iProNLi
R3SnH — > R3SnLi  + iProNH
THF, 0°C
iProNLi
MesSnH LI» Me3zSnSnMej + LiH + iProNH

Et,O 1

| |

[Me3zSnSn(H)Mez]™ + Li* + iPr,NH
2

Scheme 4.1 Reactions of R;SnH (R = Me or Bu) with lithium diisopropylamide in different solvents. The choice of solvent and
reaction conditions strongly influences the reaction product.m]

PoDESTA and coworkers demonstrated the effect of the sterically demanding substituents on the
reactivity of tin hydride as depicted in Scheme 4.2. Despite the less sterically hindered
methyldineophyltin hydride, conversion of trineophyltin hydride (neophyl = Nph = -CH,CMe,Ph) with
NaH led, similar to the example above, only to the Sn-Sn coupling product 3. In contrast to the tin
hydride, in the case of trineophylgermanium hydride corresponding metalated species was accessed
in a similar approach. Attempts to isolate a trineophylstannide through the reaction with lithium

diisopropylamide failed, but were successful from the corresponding tin halide.””!

1.5h
MeNphoSnH + NaH —>  MeNphy,SnNa  + Hs
DMSO

3h
Nph3SnH (+ NaH) ———> Nph3SnSnNphs + H, (+ NaH
3 ( ) VSO 3 ) 3+ Hy ( )

iProNLi
NphsSnH  ———>  NphsSnLi + iPr,NH

Scheme 4.2 Reactions of mixed hydride MeNph,SnH and Nph;SnH (Nph = Neophyl = -CH,CMe,Ph) with NaH in DMSO or
respectively with lithium diisopropylamide. The steric demand of the the substitutents affects the outcome of this
.27
reactions.

Although, side reactions like tin-tin bond formation occur in metalation of organotin hydrides, it still
appears to be a convenient route towards monoanionic tin compounds. However, for isolation of tin-

centred dianions other strategies must be applied, as it will be discussed in the next section.
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4.2 Geminal, Vicinal and a, w - Dianions of Tin

In contrast to widely reported class of tin-centred monoanions, only a few examples of dianionic tin

species, geminal, vicinal as well as a, w-dianionic, are described in literature. (Figure 4.3)

R R R R R R
O || L 1|
E ©OE—EO ©OE—E—E—EO®
R © [ ] [ T T ]
R R R

Figure 4.3 Geminal (left), vicinal (middle) and a, w E-centred Dianions (E = Group 14 Element).

As in the reaction of organtin monohydrides and strong bases tin monoanions are formed,
conversion of an organotin dihydride with similar compounds seem as an apparent route to the
corresponding geminal dianionic species. However, when using the corresponding amount of strong
base and subsequent deuteriolysis, which was already used to chemically confirm

aryldiaIkaIigermanes,lzg]

only 4 was isolated. In contrast, conversion with organic electrophiles led to
the corresponding mixed tetraorganostannane. This reaction product would be expected from a
R,Sn* species in solution.™ (Scheme 4.3) Due to this reaction behaviour, R,Sn%, derived from the
reaction of R,SnX, (X = Cl, Br) and sodium in liquid ammonia, was earlier believed to be a crucial
intermediate in organic synthesis® and was postulated also as a stable product in the metalation of

SnH,.B% Nonetheless, neither R,Sn® was isolated from these reactions nor a spectroscopic proof for

the existence of this dianionic species was mentioned in literature.

2 iProNLi D,O
Bu,SnH, ———  {anionic intermediates; ———>  BuySnHD
4
2 RBr
BU2SI’]R2

Scheme 4.3 Reaction of dibutyltin dihydride with lithium diispropylamide and subsequent deuteriolysis respectively
conversion with organic electrophiles (R = allyl, benzyl).

TRUMMER and CASERI were the first to investigate reactions of Bu,SnCl, and Ph,SnY, (Y = Cl, H, D) with
sodium in liquid ammonia spectroscopically. Their study revealed that instead of the proposed
intermediate, the vicinal dianionic species [R,Sn-SnR,]* and monoanionic R,SnH are present in these
solutions.®" Accordingly, the only structurally authenticated geminal tin-centred dianion is the

highly aromatic stannole dianion isolated by Sato et al.®? Similar to Caserl among reductive

® After adding bromoethane to investigated solutions, again expected mixed tetraorganostannanes were isolated from
these reactions.
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conditions, already earlier vicinal dianions were isolated. Likewise also a Sn-Sn bond formation occurs

as in the examples shown below. (3334 (Scheme 4.4 and Scheme 4.5)

Tripp Tripp=-K-~Tripp,
K /// \\
2 Sn—Cl — Sh—5n
Tripp Tripp--K--Tripp

Scheme 4.4 Reaction of the divalent tin species (2, 6-Tripp,C¢H3)SnCl (Tripp = 2,4,6-triisopropylphenyl) with an excess of
Potassium gives access to the vicinal distannyl dianion.

On a similar preparation method as for compound 5, access to [Li(NHs),][Sn(SnPhs);] is granted

starting from tetraphenyltin.”"!

Li
Ph,SnCl,  ——»  [Li(NH3)4]2[SnoPhy]
lig NH 5

Scheme 4.5 Conversion of Diphenyltin dichloride with elemental lithium in liquid ammonia yielded compound 5.4

Nine years later KORBER and coworkers reported the synthesis of the same kind of dianionic tin
compound. Conversion of Ph,SnCl, with the binary ZinTL-phase K;Sng in the presence of lithium in
liguid ammonia led to compound 6 illustrated in Scheme 4.6. Tin backbones in both structures 5 and

6 exhibit similar geometrical properties and a noticeable bond elongation compared to PhgSn,.=®

Li
Ph28n0|2 + K4Sn9 _— [K(18—crown-6)(NH3)2]2[Sn2Ph4]
18-crown-6 6
lig NH3

Scheme 4.6 Conversion of diphenyltin dichloride with the binary ZiNTL phase K;Sng and an excess of lithium in liquid

ammonia resulted in compound 6. Its anion SnzPh42' shows structural similarities to the corresponding tin backbone of 5.5¢!

The repetition of above depicted reaction with K,Gey and potassium resulted in the isolation of 7,

which contains a catena-[SngPhi,]* anion in moderate yield. (Scheme 4.7) This substructure is one of

sparse examples for a, w-dianionic tin chains.?**”

K
PhoSnCl,  +KyGeg — > [Ka(NH3)12][SngPhy2(NH3)4]
liq NH3 7

Scheme 4.7 From the reaction of diphenyltin dichloride, K,Geq and potassium compound 7 was isolated. Role of the ZINTL
phase in this reaction is not clearly solved.®®!

Intensive colouring of cited vicinal and a, w-dianionic tin compounds originates from o-bond

conjugation in covalently linked tin backbones.
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4.2.1 o-delocalisation

Already in the 1970s GILMAN et al. reported strong absorption in the UV spectral region of
permethylated silane oligomers.®®**! This uncommon property compared to corresponding carbon
chain was later explained by the widely accepted concept of o-delocalisation. Due to delocalisation of
electrons between Si sp® Orbitals in the group 14 element chain, strong o->0* transitions are
possible, which decrease in energy with catenation.**? It was later shown that heavier atoms like
germanium in the backbone lead to lower band gaps.”*** Moreover, polystannanes exhibit even
more pronounced red-shifted c—>0* transitions (390-340 nm) compared to analogous polysilanes
and polygermanes. However, choice of substituents affects accomplishable band gaps, too. Not only
that they influence the conformational arrangement of the metal backbone — theoretical calculations
suggested a planar zigzag conformation for ideal o-conjugation — but also covalently bonded aryl
substituents can cause additional o-1t delocalisation.”” (Figure 4.4) Due to their attractive properties
o-conjugated compounds are considered as promising materials in applications like microlithography,
semi-conductors and non-linear optical devices.*” In the past, polystannanes were mainly accessed
via WURTZ-coupling, condensation reactions, electro-chemical synthesis and dehydrogenative
coupling of diorganotin dihydrides using amine bases, heat or transition metal complexes. An

overview of these methods of synthesis is given in the review from BRAUNSTEIN and MoRise.®!

R~,"-’~’ R R
R\R”RRRR’\/R R "\-|-I?
7 'R N 7 .

. R R R -

Y N A R & Snh \RRRR
/\/RRR M R
R R L \
R >1Sn- \RR
| \
RR R

Figure 4.4 Polystannane chain. lllustration of 0-0-bond conjugation and additional o-rt-conjugation.
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4.3 Molecular Cages and Clusters of Tin

Similar to group 14 element polymers, nanometer sized cages and clusters are be promising
materials for novel technologies, which enclose completely new opportunities in terms of e.g. non-
linear optics and electronic devices.®” It was lately shown that this class of compounds exhibit not
only structural similarity to atoms at elemental surfaces, but also related reactivity was observed

t00.1“4”1 On this account, their synthesis and properties are topics of constant interest.

Next to many others organotin hydrides were found to be promising reagents for the synthesis of
ligand stabilized cages as well as metalloid clusters and therefore also prove their versatility.[11’48] In
the following chapter, methods of synthesis, structural investigations and reactivity of molecular tin

cages and clusters will be discussed.
4.3.1 Categories

Polyhedral compounds can be mainly classified into three categories. First, anionic ZINTL ions [Sn,]*
(forn=5,x=2and for n=9, x =3 or 4) are derived from binary alloys of tin with an alkaline metal in
absence of any Iigands.”gl In contrast, ligand-stabilised cages and clusters possess the same number
of organic ligands as metal atoms and are described with the general formula Sn,R,. A special class of
these compounds is shaped by metalloid clusters Sn,R,, (h>m), in which ligand-bound tin atoms occur
next to “naked” tin atoms, which are only bound to other tin atoms.™ Examples of each class are

illustrated in Figure 4.5.

Sn

Sn R
/ Sn . /
\XSn \\ RSn\/ RSN SR RSn—//Sn>Sn R*Sn sn.

sh— —$n \Sé / \ S ——SnR
y RSh\—$ R'S \— \ R*S”_|_S” |
n~ _/Ls / ) Q T Sn Sn——SnR*
s RSh—— S

/S” 4 SnR n——-——
R’

[Sng* [Sng]* Sn4oR10 Sn1oR’s SngR*y
Figure 4.5 lllustration of some examples of each cage or respectively cluster category. On the left two tin ZINTL ions are

depicted (x = 3 or 4). Two metalloid tin clusters are displayed on the right side (R'= Si(SiMe3)s, R* = 2,6-Mes,C¢H3). In the
middle a ligand-stabilised cage is illustrated (R = 2, 6-Diethylphenyl).
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4.3.2 Synthesis Strategies

Most of commonly known strategies for the synthesis of tin clusters can be accounted with one of
the following methods. Thermolysis or reduction of oligo-tin fragments was applied already early and
has also recently proven to be an encouraging route towards polyhedral compounds.®**%*! solely
metalloid tin clusters were accessed by controlled disproportionation of of tin(l) halides in the
presence of stabilizing ligands. Latter synthesis strategy, which requires high preparative effort and
specialized equipment, was mainly established by SCHNEPF in case of group 14 metal clusters.*?
Derivatisation of Zintl ions also gives access to cluster compounds of tin.? Additionally, reduction of
tin halides or amides represents a popular method giving access to a wide range of structures. Last-
named strategy was applied in different combinations of tin chlorides, from low valent tin species to
spacer-bridged bis(organotindichlorde), and reducing agents, from classical reducing agents like KCg
to more unusual reagents like Mg(l) and Ga(l) compounds.**>® Similar compounds can be accessed
through thermolysis of low valent tin hydrides.®”*® Lately, WesEMANN showed that dehydrogenative
coupling of organotin trihydrides featuring organic substituents with moderate to high steric bulk can

lead to polyhedral compounds, including also metalloid clusters.™*®

RSn(Il)H Sn(l) halides

A\ /_

ZINTL ions <: molecular tin cages oligo-tin fragments
and cluster

7\

Sn halides RSnH5

Figure 4.6 ,Retrosynthetic” overview of synthesis methods for molecular tin cage and cluster compounds.

4.3.3 Ligand-stabilised Cages and Clusters

This class of compounds can be described with the general formula Sn,R,. However, there are
examples in literature, which correspond to this simplified description, but because of “naked” tin
atoms in their structural arrangement, they are rather associated with metalloid clusters.™!
Compounds isolated by SITA and later WIBERG can be considered as paramount examples for this

group of compounds.

In 1991, after initial proceedings one and two years earlier, KINOSHITA and SITA reported that

thermolysis of hexakis(2,6-diethylphenyl)cyclotristannane (8) in the same amount by weight of

10
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benzophenone at 200°C results in a mixture of polycyclic compounds and other tin-containing
structures. The novel prismanes decakis(2,6-diethylphenyl)decastanna[5]prismane (9) and
octakis(2,6-diethylphenyl)octastanna[4]prismane (10) were isolated in a combined yield of 12% from
this mixture through purification by chromatography on silica. (Scheme 4.8) Alongside unreacted
starting material (12%) and other tin-containing structures, hexakis(2,6-diethylphenyl)distannane and
hexakis(2,6-diethylphenyl)pentastanna[1.1.1]propellane were identified as additional products of
this reaction. In contrast, changing the solvent to naphthalene, only 49% conversion was observed
and previously mentioned stanna[n]prismanes 9 and 10 were isolated in yields below 2-3%. It was
suggested, that crucial intermediates leading to (RSn), prismanes are stabilised more efficient by

benzophenone than naphthalene. Thermal interconversion between the two prismanes was

attempted unsuccessfully.>%¢
R
Sn
SRE, 200 c RSn—SnR
/ \SnR S R * RSn—=SnR byproducts
R,SH——S8nR, be”Z°phe“°”e RSh- —Sn RSn—|—Snf
RSh SnR RSn——SnR
8 9 10

Scheme 4.8 Thermolysis of 8 led to 9 and 10 in 12% combined yield (R = 2, 6-diethylphenyl). Cages were isolated in a 2.3:1
ratio. Hexakis(2,6-diethylphenyl)distannane and hexakis(2,6-diethylphenyl)pentastanna[l.1.1]propellane were identified as
main byproducts. Addtionally, unconverted starting material was isolated.””!

Nine years later, WIBERG et al. were able to isolate structural related compounds on a different
approach. In the reaction of LAPPERT's stannylene with two equivalents of sodium supersilylide led to
hexakis(tri-tert-butylsilyl)hexastanna[4]prismane (11). Using the THF adduct of sodium supersilylide
instead, the polyhedral octastannandiide 12 was isolated. In the same work, the formation of
compound 13 was proposed in the thermolysis of tetrasupersilyl-tristannacyclopropene. However,
appearance of 13, which would be classified into subsequent described metalloid clusters, could not
be proven by NMR® or structural analysis by X-Ray crystallography sufficiently. Since anionic cages
like 12 exhibit “naked” tin centres, which only participate in metal-metal bonds and feature no

carbon substituent, these compounds show a close affiliation to metalloid tin clusters as 13.

® It was suggested that because of insolubility or paramagnetic properties of compound 13 no sufficient NMR data can be
recorded. Recorded EPR spectra remain still unexplained.

11
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RSn—S8nM
RSn——SnR
RSn—{—Sn}
MSn—SnR
12

2.25 RNa(THF), 2 RNa
-~ Sn(N(SiMe3),) —_—
-78°C -78 to -25°C
tBuOMe 2 RNa pentane/tBuOMe
tBuOMe
Ro
Sn
stn SnR2
100°C
\
RSn\—Sn‘
‘RSn—iSnR
RSn\— —Sn\l#
Sn—SnR
13

RSn\—/SnR
SnR

RSn—‘—SnR
“snR

1

Scheme 4.9 Ligand-stabilised tin cages isolated by WIBERG et al. Variation of the reaction conditions leads to different

products. R-R was isolated as byproduct in every case. (R = SitBus, M =Na(THF),).

[61]

More recently, WESEMANN and coworkers were able to isolate 14, which is structurally related to

compound 9.8 (Scheme 4.10) Compared to the other categories of molecular cages and clusters,

ZINTL ions and metalloid clusters, tin cores in ligand-stabilised cages can be considered as electron

precise and can be described solely by two-electrons, two-centre bonds."?

. R
Ete N\ ~Et Sn
N7 N N
H N
RSn SnR
SR N
SnH; n SnR
benzene RS”'\ SQ
RSn SnR
14

Scheme 4.10 Reductive elimination of hydrogen from mesityltin trihydride forming a ligand-stabilised cage

(R=2,4, 6—Trimethy|pheny|).[48]
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4.3.4 Metalloid Tin Clusters

In contrast to previously discussed examples of ligand-stabilised cages, nature of bonding in most
metalloid clusters cannot be described by classic valence bond theory. A “two-electrons-two-centre”
notation of element-element bonds often seems insufficient for this kind of compounds to describe
their behaviour and structure.® Nevertheless, WADE's rule is widely able to describe bonding
situations and structure in non-multishell clusters.”®® The formula Sn,R., (n>m) is a widely accepted
guideline to categorise metalloid clusters. A more accurate phrasing was verbalised by SCHNOCKEL and
coworkers: “Metalloid (metal-like) clusters should be epitomised by the property that the number of
metal-metal contacts exceeds the number of metal-ligand contacts and by the presence of metal

atoms, which participate exclusively in metal-metal interactions.”®"

Sn
§ Sn //
n _— —— : — -
/ \\Sn\ R/Sn\lsn/Sn\R R*Sn\s S'n\S R* R Snén RoT Sn\/Sn
RQSn\ \Sn/snRz stn\ Sl /SnR2 R S| |n S| |n R/\
n- *Sn—|—Sn rapn )
i RSn/\S>SnR ~Sn——8nR* R'Sn—sn\
R n Sn Sn
R’
Sn6R6 Sn10R8 (1 5) SngR*4 (16) Sn10R'6

Figure 4.7 Examples for metalloid tin clusters (R = 2,4,6-Triisopropylphenyl, R* = 2,6-Mes,C¢H3, R’= Si(SiMej3)s;). Cluster 15
and 16 show a similar structural pattern in their centre.

4.3.4.1 Thermodynamic and Structural Considerations

Metalloid tin clusters can be considered as a bridge between molecules and solid state. Their
structural motifs often resemble parts of solid structure of the metal. Consequently metalloid tin

clusters may be regarded as metastable intermediates on the way to bulk phase. (Figure 4.8)

A: stable starting material

B: high energy starting material
C: metalloid cluster

Mpui: metal bulk phase

RK

Figure 4.8 Schematic development of the energy during the synthesis of a metal from oxidised starting material.”

¢ Multishell clusters are a rare class of compounds in case of tin as opposed to aluminium and gallium. Sno{Sn(NRR")}¢
(R =SiMe;, R'= 2,6-diisopropylphenyl) is the only example for a tin multishell cluster.*
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Due to their metastability, clusters are likely to form the bulk metal. Therefore, ligands with a certain
sterical demand e.g. terphenyl ligands have to be introduced for stabilising these compounds
kinetically and prevent formation of the bulk metal.” As depicted in Scheme 4.11, the reduction of
R*SnCl and SnCl, with potassium graphite as well as the thermolysis of [R*Sn(u-H)], resulted in the
same metalloid cluster.®” This observation suggests that ligands with similar sterical demand

stabilise similar tin cluster cores.

KCg toluene
2R*SnClI + 58SnCl, —> Sng(SnR*), =<=—— 7/2 [R*Sn(p-H)]2
THF reflux

Scheme 4.11 Synthesis of [Sny(R*),] (R*= 2,6-bis(2,6-diisopropylphenyl)phenyl) using two different routes. The reduction of
R*SnCl in presence of SnCl, with potassium graphite (KCs) led to the same metalloid tin cluster as thermolysis of the low
valent tin hydride dimer [R*Sn(u—H)]z.[57]

Also FISCHER and coworkers gained compound 17 with the same tin cluster framework via the
reduction of SnCl, with Ga(ddp) (ddp = HC(CMeNC¢Hs-2,6-iPr,),). As depicted in Figure 4.9 the ligands
in the latter two examples show similarities in bulkiness. This leads to the assumption, that similar
sterically demanding ligands form same or related stable tin scaffolds, which can be accessed in more

than one way.

N /SQ\g N

AN Sn.
© Ga-SH——Sn=Sn-
/7 \Sn/?

S

&

Figure 4.9 Similar sterically demanding ligands can lead to similar compounds. Overlay of the two structurally related clusters
featuring similar substituents shows the same structural demand of their ligands. [55,57)

4.3.4.2 Pentastanna[l.1.1]propellane

According to general formula Sn,R,, (n>m), heavy [1.1.1] propellanes SnsRg cannot be numbered
among metalloid clusters. Nevertheless, they can be described as metalloid in SCHNOCKEL's definition.
First isolation of the pentastanna[1.1.1]propellane 18 was accomplished by SITA and coworkers via
the thermolysis of 8 in xylene at 200°C."% Later 18 was also gained in the reduction of the same
starting material 8 with lithium in THF in higher yields.[m] Also BREHER and DROST reported synthesis
routes to also different substituted pentastanna[l.1.1]propellanes inspired by these early
approaches.’®®® Applied synthesis methods are summarised in Scheme 4.12. Related silicon and

germanium propellanes could also be accessed under reducing conditions using appropriate
14
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germanium and silicon precursors.[67'68] Due to their structural properties and their “non-classical”
bonding situation, heavy [1.1.1]propellanes received wide attention already before their first

isolation.®74

R,
Sn
R 200°C, napthalene / \
2 L S

Sn nz=-=-- Sn  <——— SnCl, +RLi

/ \ or Li/THF \\X / Et,0

stn SnR2 or SnCI2, Li stn SnR2

8 18

Scheme 4.12 Synthesis of Pentastanna[1.1.1]propellane in different approaches. (Synthesis left: R = 2,6-diethylphenyl; right:
R =2,6-(iPrO),phenyl). The reduction of 8 with Li in THF also led to octakis(2,6—diethylphenyl)tetracyclo[4.1.0.01’502’6]
heptastannane, a structural related derivative of 18 in 1% yield.[m'sgl

Theoretical as well as synthetic chemists try to clarify the nature of bonding between the two
bridgehead atoms Sn° more specifically. The structure of pentastanna[l.1.1]propellane can be
described either with a bond formation between the bridgehead atoms (closed shell), or as a
biradical. In the latter case each bridgehead atom keeps an electron itself, while sharing the other
three valence electrons with neighbouring {R,Sn} entities. Indeed, the Sn®---Sn° bond obtained in
early X-Ray investigations is longer than conventional Sn-Sn bonds, but the singlet ground state and
consequently the EPR silence are evidences for the interaction of the two opposing bridgehead
atoms. Although heavy [1.1.1]propellanes have been extensively examined by theoretical
calculations, e.g. TD-DFT (Time Dependent Density Functional Theory) for singlet triplet gap values
and CASSCF (Complete active space self-consistent field) method for natural orbital occupation
numbers, the bonding nature cannot be clearly defined, because either few experimental
correlations were found or no clear thresholds of these parameters are set to define a biradical or
closed shell species. Nevertheless, examination of reactivity can help to understand the nature of
bonding between the bridgehead atoms too. For a closed shell species, nucleophilic attack is possible
because of an accessible LUMO. In contrast, a radical type of reactivity would be expected for a
biradical compound.®” First examination of reactivity was done by SITA and KINOSHITA, who were able
to access Me,18 on two different approaches. (Scheme 4.13) Reaction of 18 and Meli or respectively
Mel led to quantitative conversion. Subsequent conversion of MeLi1l8 with Mel resulted in lower
yields than the reaction of Mel18 with MelLi. Through photolysis of Me,18 starting material 18 was
restored in 45% vyield. Recovery of 18 was suggested to proceed via a homolytic cleavage of the
Sn-Cye bonds.”?' Posterior reports showed that the pentastanna[l.1.1]propellane 18 and other
tin-containing propellanes do not react with simple substrates like H,0, PhOH, Me;SnH and

H,anthracene in contrast to related Si and Ge compounds.%%7¢%73]
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Me—Sn Sn—Li

<

AN
MeLi ReSn SnRy Mel
100% MelLi18 78%

R2 R2
Sn Sn
/ \ il
Sn<--8n toluene, 45% Me—Sn\ Sn—Me
\K / \ <
R28n SnR2 stn SnR2
18 Me,18
R
Mel SA MeLi
100% / \ 15-20%
Me—Sn\ Sn—I
<]
stn SnR2
Mel18

Scheme 4.13 Reactivity examination of 18 done by SiTA and KINOSHITA (R = 2,6-Diethylphenyl).[72]

Yet, 18 could be capped at the bridgehead atoms by the addition of [MCp(CO),], (M = Fe, Ru), which
may occur via a homolytic cleavage of the M-M bond. As opposed to SITA’s Me,18, significant
lengthening of the Sn®--Sn® distance is observed in the transition metal adducts [{MCp(CO);,}{u-

SnsDeps}] (M=Fe, Ru). Coupling in **°

Sn NMR between the two bridgehead atoms was still observed,
either because of “through space interaction” or through the bridging {R,Sn} entities.” In
conclusion, no definite classification of [1.1.1]propellanes is possible, neither by theoretical
calculations nor in terms of reactivity. Nonetheless, coupling of these electrons is required at least to
some extent, which contributes to their stability and consequently makes them isolable. Therefore

compounds of this class are stated as biradicaloids to distinguish them from true biradicals.”*

4.3.4.3 Activation of Small Molecules

Since the reaction of H, with the alkyne analogue Ar'GeGeAr’ (Ar'=CgHs-2,6-(CsH3-2,6-iPr,),) yielding

a mixture of hydrogenated species,””

main group metal compounds are attracting greater interest
regarding activation of small molecules.”®’? Eventually, also catalytic behaviour was observed.””
Just recently, POWER and coworkers showed the capability of metalloid tin clusters to activate small
molecules. Under fairly mild conditions the cluster reacted with ethylene and hydrogen with the
associated loss of all “naked” tin atoms. (Scheme 4.14) Reaction of the latter small molecule required
moderate heating. Thereby formed tetrameric tin hydride 19 was also accessed via the reduction of
[Ar*Sn(u-Cl)], using DIBAL-H.®Y
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T T
R*S SnR*

>
R*Sn Sln R*

H H
19

+H,

-4 Sn

* R*
R*Sn Sn_
\S|n i SnR* + / [S|n/\/(8nj
R*Sn—|—Sn_ 4S
~Sn——SnR* n gﬂ/\’gl
16 20

Scheme 4.14 Activation of ethylene and H, using the metalloid tin cluster [SngAr*,] (Ar* = 2,6-Mes,CgH3). The metalloid

cluster was able to incorporate 5 ethylene molecules.

Frontier molecular orbitals exhibiting both donating and accepting properties, which are crucial for

this kind of reaction,”” of model compound SngPh, were evidenced by theoretical calculations.

Additionally, computations showed that incorporation of a sixth ethylene into 20 would be

thermodynamically favoured, but was potentially blocked kinetically.

(81]
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5 Results and Discussion

5.1 Diaryltin dichlorides and dihydrides
5.1.1 Synthesis

In terms of this thesis, five diaryltin dichlorides Ar,SnCl, and respective hydrides Ar,SnH, with varying
steric bulk of the ortho or respectively para substituent were successfully synthesised and
characterised by NMR spectroscopy and X-Ray crystallography. Selected aryl substituents are

depicted in Figure 5.1.

R -

Ph Mes Tripp Dipp Dep

Figure 5.1 lllustration of selected aryl substituents with different sterically demanding ortho and para substituents for
Ar,SnCl, and Ar,SnH,. Phenyl (Ph), 2,4,6-Trimethylphenyl (Mes), 2,4,6-Triisopropylphenyl (Tripp), 2,6-Diisopropylphenyl
(Dipp) and 2,6-Diethylphenyl (Dep).

Diaryltin halides are commonly accessed via the initial synthesis of the corresponding tetra- or
triaryltin halide and subsequent Kozeshkov redistribution reaction with the appropriate amount of
SnX, (X = halide). Since access to solely the chosen tin halide derivative is granted and no halide
mixtures are gained, this strategy is a convenient method for the synthesis of diarlytin dihydrides and
was already applied for the synthesis of 21 and other diaryltin dichlorides.®? Likewise, we adopted
this approach for the synthesis of 21. (Scheme 5.1) Consumption of Ph3;SnCl and formation of mono
as well as diphenyltin dichloride was monitored by ***Sn NMR. If necessary, either PhsSnCl or SnCl,

was added to the reaction.

neat
2 PhgSnCl + SnCly ——> 3 Ph,SnCl,
120°C 21

Scheme 5.1 Synthesis of Ph,SnCl, (21) using the Kozeshkov equilibrium.

Nevertheless, this approach was found to be insufficient for all other aryl substituents in terms of this
work, as either the intermediate monoaryltin trichloride sublimed out of the reaction or only slow
conversion was observed. Therefore, a GRIGNARD based route, already reported by MoLLoy and

coworkers, was chosen.®® Using a ratio of ArBr: Mg:SnCl,=2.2:2.4:1.0 (Ar = Mes, Tripp, Dipp,
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Dep) in the preparation and subsequent slow addition of the GRIGNARD reagent to SnCl, at -40°C, led
to the expected halide mixture Ar,SnCl,, Ar,SnCIBr and Ar,SnBr, in the crude product. (Scheme 5.2)
The ratio in abundance between those three species is not consistent and appears to be heavily
dependent on solubility of resulting magnesium halides, dilution, temperature and drip rate of the

GRIGNARD reagent solution.

Mg sncl,  reSnClz  diluted HCI
22 ABr —— 22 ArMgBr ———» ArSnCIBr  ———  ArSnCl
THF -40°C AFZSHBFQ

Scheme 5.2 Synthesis of Ar,SnCl, applying the direct GRIGNARD approach. (Ar = Mes (22), Tripp (23), Dipp (24), Dep (25)).

The crude product of all converted GRIGNARD reactions were investigated NMR spectroscopically after
aqueous work up on NMR scale. Due to their complexity, resonances in *H and *3C spectra cannot be

195n NMR three signals can be

associated to compounds in the product mixture with certainty. In
observed. The most lowfield shifted signal is assigned to be Ar,SnCl, for all aryl substituents because
of strong correlations with literature values. Substitution of a chlorine by bromine leads to the
successively upfield shifted resonances of Ar,SnCIBr and Ar,SnBr,. An overview of these resonances is
given in Table 5.1. Distances between these signals range from 45-55 ppm. Same observations were

already made by Molloy and coworkers.*!

119

Table 5.1 “""Sn NMR Shifts [ppm] of Ar,SnCl,, Ar,SnCIBr and Ar,SnBr, in the crude product in CDCls.
Ar= Ar,SnCl, Ar,SnCIBr Ar,SnBr,
Mes -51.08 -96.17 -146.22
Tripp -65.52 -115.64 -170.87
Dipp -70.06 -120.35 -175.75
Dep -65.38 -112.81 -164.90

For further treatment, the dry crude product was redissolved in a solvent mixture of DCM/THF (4:1)
and was washed extensively with 1.0 M aqueous HCI. Due to this manipulation, a chlorine-bromine
exchange occurs and solely diaryltin chlorides were isolated (overall yields 30-90%) and no bromine

%1 NMR anymore. Using a small amount of THF to

substituted compounds were detected by
dissolve the crude product turns out to be crucial in case of Ar = Tripp, Dipp or Dep, as no halide
exchange occurs when using only DCM as solvent. In case of Ar = Mes, the treatment leads also to

the final dichloride by dissolving the crude product only in DCM. However, it appears to be not as

d . . 83
Values are in correspondence to literature.’®
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quick. After this procedure, the organic layer was also washed with saturated brine solution, dried
over Na,SO,, filtered and the solvent was removed under reduced pressure. The so-gained crude
product was then purified by recrystallization from DCM/n-heptane. In contrast to MoLLoy, who
found solely the formation of a coupled ditin compound in the reaction of the more sterically
demanding carbanion 2, 4, 6-triisopropylphenyl lithium with SnCl,;, we did not observe the formation
of a coupling product under the applied reaction conditions.®*

All diaryltin dihydrides were accessed via the widely applied reduction with LiAlH, in Et,0 of
corresponding chlorides gained from above described procedure.lsz](Scheme 5.3) Especially in the
case of Ar=Ph, it turned out that the amount of reducing agent is crucial. A high excess of LiAlH,
leads to a decrease in yield of diphenyltindihydride and the formation of deeply orange solutions,
which are sensitive to air and H,0. In terms of this thesis, the optimal stoichiometric ratio was found
to be Ar,SnH,:LiAIH, = 1.0: 0.8. The side reaction when using an excess of LiAlH,; will be discussed

later in more detail (See 5.2.2 Anionic Cages).

LiAIH,
ArZSnCIZ _— Al"zanz
0°C, Et,0

Scheme 5.3 Reduction of Ar,SnCl, with LiAlH, to access the corresponding Ar,SnH, (Ar = Ph (26), Mes (27), Tripp (28), Dipp
(29), Dep (30)).

After 1-1.5 h reaction time, the suspension was quenched with 0.5 M aqueous H,SO, and in order to
remove aluminium complexes still present in the organic layer and to isolate a pure tin hydride the
guenched reaction solution was washed with saturated potassium tartrate solution. Afterwards it
was dried over Na,SO,, filtered and the solvent was removed under reduced pressure resulting in
yields from 40-84% referred to the amount of diarlytin dichloride. In earlier approaches, CaCl, was
applied in drying the organic layer. However, in most cases the formation of a yellow solid while
drying over CaCl, was observed and therefore lower yields were achieved with this kind of drying
agent. Investigations of this side reaction will be part of future studies. No purification was necessary
for the isolated hydrides except for Tripp,SnH,, which was recrystallised from n-pentane. All isolated
diaryltin dihydrides, literature known as well as unknown structures, were investigated NMR and IR
spectroscopically. Results of these examinations are summarised in Table 5.2. Diaryltindihydrides
admittedly are stable against moisture, but react rapidly under ambient conditions with oxygen to
the corresponding hydroxides or oxides.™ Yet, increasing stability of discussed diaryltin dihydrides
against oxygen and higher temperatures was observed with increasing sterical bulk of the aryl

subsitutent.
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Table 5.2 Overview of *°Sn NMR Shifts [ppm] and Y (lH, 119““Sn) [Hz] of discussed diaryltin dihydrides in C¢Dg. Values of

. . 84-86
literature known compounds are in accordance to references.! !

195 Shift Y (*H, “°sn) Y (*H, *sn) (Sn-H)
[ppm] [Hz] [Hz] [cm™]
Ph,SnH, (26) -234.08 1926.7 1840.4 -
Mes,ShH, (27) -352.82 1846.3 1764.8 1862
Tripp,SnH, (28) -352.29 1820.0 1736.8 1860
Dipp,SnH; (29) -355.41 1835.0 1753.3 1852
Dep,SnH; (30) -352.20 1843.8 1762.7 1846

5.1.2 X-Ray Crystallography

Although diaryltin dichlorides and dihydrides are a widely known class of compounds, still some of
the isolated compounds have not been structurally investigated by X-Ray crystallography. This
section summarises the crystallographic data of diaryltin dichlorides 24 and 25 as well as solid
diaryltin dihydrides 28, 29 and 30, whose solid state structures have not been examined so far. More
detailed information about measurements and refinement for presented compounds are depicted in
the Appendix. All bond lengths and angles of presented diaryltin dichlorides fall into the known
range. Their values are summarised in Table 5.3. In each case, the tin atom is found in a distorted
tetrahedral environment covalently bound to two chlorines and two aryl substitutents. (Figure 5.2)
Notable, there is a total absence of intermolecular Cl-:-Sn interactions in all isolated structures. Both
Dipp,SnCl, (24) and Dep,SnCl, (25) display slightly elongated average Sn—C bonds (2.145(1) and
2.157(3) A), compared to compounds with no or less sterically demanding ortho-alkyl groups of the
aryl substituent like Ph,SnCl, (2.112(5) A)®”! and Mes,SnCl, (2.117(2) A)®&. As expected, Cl-Sn—Cl
angels of 24 (94.40(3)°) and 25 (97.86(3)°) are also smaller than the respective angles in already
mentioned compounds (Ph,SnCl,: 101.7(1)°, Mes,SnCl,: 100.3(2)°). Tendencies of Sn-C bond lengths
and CI-Sn-Cl angles fit to the values of other diarlytin dichlorides featuring aryl groups with bulky
ortho-substituents as Tripp,SnCl, (2.147(4) A and 98.0(1)°)®" and Mes*,SnCl, (Mes* = 2,4,6-Tri-tert-
butylphenyl, 2.198(4) A and 95.5(1)°)°”. No clear trend between sterical bulkiness of the aryl

substituent and the C—Sn—C angle is observable.
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Table 5.3 Selected bond lengths (A) and angles (°) of discussed Ar,SnCl, (Ar = Dipp,Dep).

Space Sn—-C Sn—Cl C-Sn—-C Cl-Sn—-CI

group [A] (avg.) [A] (avg.) ] ]
Dipp,SnCl, (24) P2,/c 2.145(1) 2.359(5) 119.4(1) 94.40(3)
Dep,SnCl, (25) C2/c 2.157(3) 2.361(7) 125.0(1) 97.86(3)

Figure 5.2 Crystal Structures of discussed Ar,SnCl, (Ar = Dipp (24, left), Dep (25, right)). All non-hydrogen atoms shown as
30% shaded ellipsoids. Hydrogen atoms are omitted for clarity.

Similar to already discussed chlorides, in all presented diaryltin dihydrides the tin is found in a
distorted tetrahedral environment. (Figure 5.3) All hydrogen atoms bound to tin were located in the
difference map. In Table 5.4 selected bond lengths and angles of all investigated hydrides are
summarised. Due to high reactivity towards oxygen, there is only limited number of crystallographic
data for tin hydrides available in literature and only two comparable structures such as Ph,SnH,

(crystallised from an in situ technique in a capillary) and Mes,SnH, are known.*?
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Figure 5.3 Structures of presented diaryltin dihydrides 28 (left), 29 (middle) and 30 (right). Ellipsoids possess a probability of
30%. Hydrogen atoms except Sn-H atoms are omitted for clarity.

The Sn—H bond lengths of presented structures compare nicely to Ph,SnH, (1.65(6) A avg.) and
Mes,SnH, (1.67(2) A avg.), but as already discussed for corresponding chlorides again no trend
between sterical bulkiness of the aryl moiety and the C-Sn-C angle is legible. (Ph,SnH,: 114.4(7)°;
Mes,SnH,: 111.07(4)°) As isolated diaryltin diyhdrides show similar H-Sn—H angles as Ph,SnH,
(105.0(2)°) featuring a less bulkier organic moiety, no linear correlation of the steric pressure of the
aryl substituents can be observed. The Sn-C bond lengths deviate only slightly from those of Ph,SnH,
(2.134(19) A) and Mes,SnH, (2.154(1) A).*%%

Table 5.4 Selected bond lengths (A) and angles (°) of presented Ar,SnH, (Ar = Tripp, Dipp, Dep) compared to those of
literature known structures of Ph,SnH, and Mes,SnH,. 52

Space Sn—C Sn-H C-Sn-C H-Sn-H

group [A] (avg.) [A] (avg.) [°] [°]
Ph,SnH,"" P2, 2.134(19) 1.65(6) 114.4(7) 105.0(2)
Mes,SnH," C2/c 2.154(1) 1.669(2) 111.07(4) 103.1(1)
Tripp,SnH, (28) P2./n 2.166(1) 1.62(2) 116.19(5) 105.0(9)
Dipp,SnH, (29) Pca2, 2.169(7) 1.70(8) 108.19(8) 103(1)
Dep,SnH, (30) P-1 2.163(2) 1.60(8) 111.24(6) 107(1)
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Compared to diaryltin dichlorides, Sn-C bond lengths are only slightly elongated in corresponding tin
dihydrides. Nevertheless, substituting the chlorine atoms by hydrogens can have a huge influence on
the C-Sn—C angle as seen in Dep,SnCl, (25) with an C-Sn-C angle of 125.0(1)° whereas the
corresponding hydride 30 displays a C—Sn—C angle of 111.24(6)°. A similar but not as strong trend is
observable for Tripp,SnCl, (120.4(2)°)®% and TrippSnH, (116.19(5)°) as well as for Dipp,SnCl,
(119.4(1)°) and Dipp,SnH, (108.19(8)°).
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5.2 Anionic Compounds

5.2.1 Anionic Chains and Rings

Based on the earlier metalation approaches of triorganotin hydrides with strong lithium bases,
GRIGNARD reagents and metal hydrides, the reactivity of diaryltin dihydrides towards alkaline metals
and strong bases was investigated in various solvents.”**%3 Results and observations will be

summarised and discussed in this section.

5.2.1.1 Synthesis

Addition to diphenyltin dihydride to small pieces of alkaline metals (Na, K, Rb or Cs) well suspended
in solvents like DME, diglyme and benzene/crown ether, immediately resulted in colour change to
yellow, later orange or red, and vigorous hydrogen formation. As expected, colour change and
evolution of hydrogen appeared more quickly for higher alkaline metals. Progress of the reaction
seemed also to be more quickly in solvents like diglyme and DME than in a mixture of
benzene/crown ether. After a few days from these reactions the products crystallised upon storage
at room temperature and were identified by X-Ray crystallography. Depending on the solvent and to
some extent on the metal, different compounds were isolated from these reactions. (Scheme 5.4)
For applied alkaline metals in DME, the a, w-dianionic tetrastannide 31 was obtained as orange
crystals. Using sodium in diglyme gave the structural related octastannide 32, which was isolated as
dark, nearly black, shiny crystals. In contrast to sodium, the application of K, Rb and Cs in diglyme
under same conditions led to the hexastannide 33 in good yields. Latter compound forms dichroic,
green and red, crystals. In contrast to ethers, use of aromatic solvents like benzene mixed with the
corresponding crown ether, resulted in the mixture of a dianionic cyclic species 34 and branched
tetrastannide 35. Phenyl group migration from a tin atom onto another has to occur for the
formation of [Sn¢Phyo]” 34 (ratio of Sn:Ph < 2) and [SnsPhs] 35 (ratio of Sn:Ph > 2) compounds.
Already before terms of this thesis, similar results were found for lithium and lithium organyls as a
metalation reagent.®” Additionally, compound 34 was also gained as a lithium derivative from
reactions of diphenyltin dihydride and lithium diethylamide. Except for reactions in benzene, the
described procedures result mostly in defined products without formation of elemental tin or any
other byproducts. Nevertheless, mixtures of products were observed when using not analytically
pure or already aged starting material. Especially the presence of residual aluminium species

originating from the synthesis of the starting material using LiAlH, is critical.
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34 33aM =K
34aM =K [M(crown)]* 33bM=Rb
34b M =Rb 35 33c M =Cs
34c M =Cs 35aM =K
35b M =Rb
35c M =Cs

Scheme 5.4 Summary of the reactions of Ph,SnH, with alkaline metals in different solvents. The desired product can be
accessed through choosing the respective solvent and/or metal. This reaction approach gives access to a rich variety of
compounds.

Product mixtures were also noticed when the formal electron demand for the chain formation, which
depends on the chain length, was not fulfilled and not enough reducing metal was used. This was
especially crucial for the formation of 31. As an excess of alkaline metal did not show any influence
on the reaction outcome, it has proven itself to use up to double of calculated amount of alkaline
metal.Only a few comparable compounds e.g. [Li(NHs)i],[Sn,Phs] and [Ky(NH3)1,][SngPhi,] were
isolated years ago from reaction solutions of Ph,SnCl, in liquid ammonia under reductive conditions.
Some of these reactions also require the addition of ZINTL ions to form these dianionic
compounds.?**®! Compared to this high effort methods, our room temperature route towards this
rich variety of compounds is easy applicable and the product can be directed by choosing the

respective solvent and/or the metal.
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5.2.1.2 X-Ray Crystallography

All discussed anionic oligostannides have been structurally investigated by X-Ray crystallography. In
this section the crystallographic data of these compounds will be discussed. Analysis of structure will
mainly focus on the tin backbone. Since the tin backbone’s structure is generally speaking unaffected
by the nature of the counterion, values for the potassium derivatives will be shown representative
for the isolated structures 31, 33, 34 and 35. The sodium oligostannide 32 will be compared to these.
Table 5.5 summarises the structural properties of discussed structures and related literature
compounds. More detailed information about measurements and refinement for presented

compounds is provided in the Appendix.

A common feature of all non-cyclic and non-branched compounds 31, 33 and 32 is the all trans
zig-zag arrangement of the tin-backbone. Additionally, in each compound the tin chain does not
display significant twisting and all tin atoms lie in approximately one plane. Only a maximum
deviation of 15° from the ideal dihedral angle of 180° is observed in solid state. (Figure 5.4) This
arrangement was already suggested to be ideal for o-conjugation by theoretical calculations and
explains the intensive colouring of these compounds.[45] In all cases Sn—Sn—Sn angles with values
122.82(2)-140.36(1)° are extremely widened compared to the ideal tetrahedral angle of 109.5°. In
contrast, angle sums of anionic tin centres display much lower values than expected for an ideal
tetrahedral arrangement (3*109.5° = 328.5°). This observation implies a high s orbital character of
the lone pair and high p character of bonding orbitals. In accordance with this observation are also
the slight elongated bonds of the anionic tin centres compared to bond lengths of tetravalent tin

atoms. (Table 5.5)

A ol

Figure 5.4 Alignment of the tin backbone of [K(diglyme),],[SngPh;,] (33a) (left) and [Na(diglyme),],[SngPhg] (32) (right). The
tin atoms arrange in an ideal all trans zig zag arrangement and all lie in approximately one plane.
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Figure 5.5 Molecular structure of [K(DME)(18cr6)],[Sn,Phs] (31a). Hydrogens are omitted for clarity. Ellipsoids are displayed
with 30% probability. 31a forms a coordination polymer in solid state. The oxygen atom of the DME molecules interacts
with the potassium ions of the next unit. Selected bond lengths [A] and angles [°]: Sn1-Sn2 2.875(1), Sn2-Sn2# 2.8449(3),

Sn1-C1 2.217(5), Sn1-C7 2.216(4), Sn2-C13 2.19(5), Sn2-C19 2.187(4), Sn1-5n2-Sn2# 140.36(1), Sn2-Sn1-C1 103.2(1),

Sn2-5n1-C7 94.8(1), C1-Sn1-C7 94.8(1), C13-5n2-C19 99.9(1).

Table 5.5 Overview of average bond lengths [A] and angles [°] of discussed dianionic compounds and similar literature
compounds. Values are shown for the corresponding potassium compounds of 31, 33, 34 and 35.°

Sn'-Sn Sn-Sn Sn-C Sn—-C Sn-Sn-Sn I Y-Sn-Z
[Al(avg) [Al(avg) [Al(avg) [Al(avg) [](avg.) [’]

[Sn,Ph,]* B4 2.9048 2.2214 - - 287.85
[Sn,Ph,]* ¥ 2.9088 2.2570 - - 291.20
[SnsPhg]* (31) 2.8751(3)  2.8449(3) 2.2169(5) 2.1894(5) 140.36(1)  300.2(3)
[SnePhy,]* B¥ 2.8688 2.8308 2.2176 2.1779 126.96 295.13
[SnePh,]* (33) 2.8789(1) 2.8200(1)  2.213(1)  2.170(6) 129.49 294.4(1)
[SnsPhe]* (32) 2.8724(6) 2.8300(5)  2.211(2)  2.166(9)  125.65(8)  288.2(6)
[SnePhso]* (34) 2.8626(5)  2.825(3) 2.23(1) 2.189(6)  124.98(2)  290.7(5)
[SnsPhs] (35) 2.8162(5) - - 2.167(9) - 292.17(3)

€ As webCCDC data bank gives only limited access to X-Ray data, literature values are here presented without standard

deviation.
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Figure 5.6 Molecular structure of [K(diglyme),],[Sn¢Ph4,] (33a). Hydrogens are omitted for clarity. Ellipsoids possess a
probability of 30%. Selected distances [A] and angles [°]:Sn1-Sn2 2.8789(1), Sn2-Sn3 2.8258(1), Sn1-C1 2.217(1), Sn1-C7
2.209(1), Sn2-C13 2.178(1), Sn2-C19 2.174(1), Sn3-C25 2.173(1), Sn3-C31 2.157(1), Sn1-Sn2-Sn3 133.51, Sn2-5n1-C1
97.89(3), Sn2-Sn1-C1 99.87(3), C1-Sn1-C7 99.87(3), C13-5n2-C19 102.53(4).

Figure 5.7 Molecular structure of [Na(diglyme),],[SngPhyg] (32). Hydrogens are omitted for clarity. Ellipsoids are drawn with
30% probability. Selected distances [A] and angles[°]: Sn1-Sn2 2.8724(6), Sn2-Sn3 2.8421(5), Sn3-Sn4 2.8274(6), Sn1-C1
2.218(7), Sn1-C7 2.203(6), Sn2-C13 2.178(5), Sn2-C19 2.173(7), Sn1-Sn2-Sn3 129.92(2), Sn2-Sn3-Sn4 122.82(2), C1-Sn1-C7
96.5(2), Sn2-Sn1-C1 97.8(2), Sn2-Sn1-C7 93.9(2), C13-Sn2-C19 101.7(2).
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In contrast to most isolated structures of chain shaped oligostannides, a direct contact of the tin
anion and the potassium cation is observable in the solid state structure of 34a (3.667(5) A) as well as
35a (3.6889(5) A). (Figure 5.8 and Figure 5.9) A similar interaction can also be found in the
corresponding structures of potassium’s higher homologues 34b and 34c. Common feature of all
these compounds is also the chair conformation of the cyclic tin backbone with phenyl groups in the
axial position at the anionic tin atom. Here again, the tricoordinate, anionic tin atom Sn3 displays a
pyradimalised structure with an angle sum of 290.7(5)°, deviating from the ideal tetrahedral angle
sum of 328.5°. Also Sn-Sn as well as Sn-C distances of the anionic tin centre (2.852(5)-2.872(2) A and
2.23(1) A) are slightly elongated to corresponding bonds of tetravalent tin atoms (2.825(3) A and
2.18(1)-2.202(7) A).

Figure 5.8 Molecular structure of [K(18crown6)],[SngPh1o] (34a). Hydrogens are omitted for clarity. Ellipsoids possess a
probability of 30%. Selected bond lengths [A] and angles [°]: Sn1-Sn3 2.872(2), Sn2-Sn3 2.852(5), Sn1-C7 2.18(1), Sn1-C13
2.193(8), Sn3-C1 2.23(1), Sn3--K 3.667(5), Sn1-Sn3-Sn2 94.51(2), C7-Sn1-C13 103.6(3), Sn1-Sn3-C1 95.9(2),
Sn2-5n3-C1 100.3(2).

The central tin atom in 35a with Sn-Sn bond lengths from 2.8117(2) to 2.8251(2) A deviates with an
angle sum of 292.17(3)° from the ideal tetrahedral structure. Also for the corresponding Cs

compound there is a direct contact between the tin anion and the counterion observable.
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Figure 5.9 Molecular structure of [K(18cr6)][Sn4Phg] (35a). Hydrogens are omitted for clarity. Ellipsoids are drawn with a
probability of 30%. In solid state a coordination polymer is formed through an interaction of the potassium with the a
phenyl group of the next [Sn,Pho]” unit. Selected distances [A] and angles [°]: Sn1-Sn2 2.8251(2), Sn1-Sn3 2.8119(2),
Sn1-Sn4 2.8117(2), Sn1--K1 3.6889(5), Sn2-Sn1-Sn3 96.89(1), Sn2-Sn1-Sn4 99.85, Sn3-Sn1-Sn4 99.85(1).

5.2.1.3 Spectroscopical data

Attempts of recording convincing **°

Sn NMR spectra of discussed dianionic chains failed, so far. Most
common deuterated solvents turned out to be ineligible as the targeted compound often degraded
upon solving through redistribution to a mixture of tin-containing products. Acetonitrile-d; seemed
promising as no such visible degradation appeared after dissolution. However, no sufficient data was
collected as these compounds show extremely broad signals and therefore no coupling constants are
legible. Despite, values of the observed broad signals should be mentioned here: The tin backbone of
[SnsPhs]” (31) shows to broad singlets at -94 and -175 ppm. In accordance with these values, broad
resonances are found at -92, -178 and -198 ppm for [SnePhy,]* (33) and at -93, -177
and -178 ppm (2x) for [SnsPhi]” (32). For cyclic [SnePhio]” (34) also broad signals at -140
and -190 ppm are detected. By comparison of these spectra, broader signals appear to be observed,
the longer the chain grows. Theoretical calculations showed that dianionic tin chains possess a high
degree of freedom in solution, which is even higher when the chain grows, and therefore are likely to
move fluctuatingly. Broad signals may originate from the strong dependence of the NMR resonance
on the conformation and the fluctuating movement of these compounds in solution. A more rigid
systems like the monoanionic, branched [SnsPhg] (35) shows precise resonances at -98
and -1066 ppm with coupling constants ‘Js, 11711050 = 6780/7097 Hz and “Js, 1175, = 866 Hz in
acetonitrile-ds. Considering this assumption, low temperature NMR analysis may facilitate the record

of more satisfying data. As the dissolved compound recrystallised from acetonitrile, breakdown of
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the chain in solution is excluded. In all spectra, the nature of the counterion did not show any effect

on the tin backbone and stated *°Sn resonances were found for all alkaline metal derivatives.

Due to o-conjugation, all discussed anionic compounds exhibit intensive colourfulness and therefore
were also investigated UV/Vis spectroscopically. Absorption spectra of the shortest dianionic chain
[SnsPhs]® (31) exhibits a maxima at 408 nm. Absorption spectra of [Sne¢Phso]* (34) and [Sn,Phs] (35)
exhibit similar shape and similar absorption maxima (417 and 405 nm) as 31. As already indicated by
the dichroic colouring of its crystals, two maxima at 390 and 446 nm are observable for hexastannide
[SnePhy,)* (33). Compared to latter transitions, two of three absorption maxima of [SngPhyel” (32) at
480 and 571 nm show a higher bathochromic shift. The third absorption maxima at 380 nm is slightly
hysochromically shifted compared to the one with highest energy of 33 (390 nm). Values of

absorption maxima and UV/Vis spectra are summarised in Table 5.6 and Figure 5.10.

Table 5.6 Overview of absorption maxima of compounds [SnAPhg]Z‘ (31), [SnGPhlz]Z‘ (33), [SngPh15]2‘(32), [Snsth]Z' (34) and
[Sn4Phg] (35).

Amax [nm] Amax [nm]
2-
[SnsPhg]™ (31) 408 [SnePhy,]* (33) 390, 446
[SnePhyo]* (34) 417 [SngPhye]l* (32) 380, 480, 571
[Sn4Ph,] (35) 405
e [Sn4Ph8]2-
e [Sn6Ph12]2-
< [Sn8Ph12]2-
]
2 @ [SN6Ph10]2-
[]
ff @ [Sn4Ph9]-
390 440 490 540 590 640
wavelength [nm]

Figure 5.10 Combined UV/VIS absorption spectra of [Sn4Ph3]2’ (31), [SnGPhu]z' (33), [SngPhle]z’ (32), [SnGth]Z' (34) and
[SnsPhg] (35).
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5.2.1.4 Investigations on the reaction mechanism

In order to understand the formation mechanism of discussed anionic compounds, we pursued to
isolate key intermediates of this reaction. Therefore, the stepwise formation of anionic tin chains was
attempted by using metal triphenylstannide as an initiating monomer for further chain elongation. In
situ generation of a monometalated triphenylstannide, following literature approaches with metal

hydrides or strong bases, 25?7

and further conversion with one equivalent of diphenyltin dihydride
resulted in the corresponding anionic 36 accompanied by hydrogen formation. Compound 36
exhibits -138.4 and -184.8 ppm in '*°Sn NMR analysis, in which coupling constants were not resolved.
In other approaches, using an excess of diphenyltin dihydride, did not result in a terminal anionic
species, but in an isomeric trimer forming the higher substituted anion 37. Latter reactions are

summarised in Scheme 5.5. The isolated intermediates were characterised by NMR as well as X-Ray

crystallography.

RLior KH Ph,SnH, Ph,SnH, Ph
Ph3SnH ———> Ph3SnM  ————> Ph3;Sn—SnPh,M — _Sn®
-RH or H, -Hz PhsSn~ SnPhg
36
37
M = Li, K L
Ph, )
_Sn_oe
Ph3Sn SnPh2

Scheme 5.5 Overview of the stepwise formation of anionic oligotin compounds from phenyltin hydrides.

Additional to metalation of tin hydrides, also the reactivity of diarlygermanium dihydrides towards
alkaline metals and derivatives were investigated in our group. In case of germanium, no formation
of long chains is observed, but shorter aggregates are isolated from this reaction. (Scheme 5.6) In
approaches with an equimolar ratio of Ph,GeH,: KH (or K), the monometalated 38 was isolated.

Adding Ph,GeH, to this metalated species gives the metalated dimer 39.

Ph,GeH, + KH _— Pho,GeHK + Ho
(or K) 38 (or 1/2 Hy, R-H)
Ph,GeHK + Ph,GeH, ——> HPh,Ge-GePhyK +  Hy
39

Scheme 5.6 Metalation of Ph,GeH, was conducted with alkaline metals, metal hydrides and strong bases. In contrast to the
reaction of corresponding tin compound, only a monometalated germanium monomer and dimer is isolated from these
reactions. No further enlongation of the chain is observed for germanium.
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Although the corresponding intermediates of tin were never isolated, the fact, that all discussed
dianionic compounds exhibit an even number of tin atoms, emphasises our hypothesis that the
monoanionic dimer 39 plays also a crucial role in the formation of described anionic tin oligomers.
Therefore, we propose the following mechanism based on these observations: Initially, the tin
dihydride reacts with the metalation reagent and forms a monoanion 40, which forms a metalated
distannane 41 in a second step with a second equivalent of diphenyltin dihydride. Then, two of the
so-formed highly reactive tin distannide will form the tetrastannide 42. Further steps depend on the
solvent as well as the metal. In DME 42 will further react to the a,w-dianionic tetrastannide. When
sodium is used in diglyme, two tetrastannides may form the linear octastannide. In reactions with
sodium’s higher homologues, the hexastannide is eventually formed in the reaction of a

tetrastannide 42 and a distannane 41.

thanz
Ph,SnH, + MH Ph,SnH HPh,Sn—SnPh,
-H -H
2 40 2 41
orZ *+ MH ghz SnPh,\!
n n
2 HPh,Sn—SnPh, HPhZSn/Sn\SﬁSnth UPh,ST s 2
- MH Ph, -H, Ph,
M 42 X2 precipitates from DME
) H\& Ph, Ph, Ph,
+HPh23n-SnPh2 /Sn\ /Sn\ /Sn\ /Snth
-MH HPh,Sn Sn  Sh  "Sn
Ph, Phy, Phy
Ph, Ph, + VH
Sn Sn SnPh
HPh,Sn SR sh - \'Hz
Ph, Phy
Ph, Ph, Ph,
Sn.__Sn___Sn___SnPh,l
+ VH VPh,SH SA T SA T sA 2
-Hz Ph, Ph, Ph,
Ph, Ph, precipitates from diglyme for M=Na
Sn__Sn___SnPh
VPh,s SR sA -
Ph, Ph,

precipitates from diglyme
Scheme 5.7 Overview of proposed reaction mechanism. The chosen solvent directs the outcome of the reaction.

The chosen solvent strongly determines the thermodynamically favoured and accordingly isolated
compound and depends to a lesser extent on the metal. Outcome of reactions with pTol,SnH, and
pAnis,SnH, under same condititions, correlating nicely to the oligostannides derived from diphenyltin
dihydride, also implies neglectable influence of the organic substituent on the tin centre. Using alkyl

instead of aryl substituents never led to pure and well-defined products.®”
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5.2.1.5 Derivatisation

Polymerisation of diphenyltin dihydride using transition metal catalysts, heat or amine bases is a
widely applied method for the syntheses of tin oligo- and polymers, which are promising materials
for future applications because of o—conjugation.ls] Isolated compounds can be considered as
functional subunits of these o-conjugated materials and allow fine tuning of their properties through
further derivatisation. Their anionic functionality allows capping their ends with neutral species,

incorporation into other chain or ring systems by e.g conversion with electrophiles. (Figure 5.11)

- — NN ~ N

n

Incorporation into chains

n n

Cap ends with neutral species

O oo QO

Incorporation into ring systems

Figure 5.11 Potential reactions of a, w-dianionic chains. Their functionality allows the chains to be capped with neutral
species, incorporated into chains or into ring systems.

Initial experiments for the derivatisation of discussed anionic species were conducted with 33 as it is
easily accessible in good yields and at no time cocrystallisation of any byproduct was observed. The
anionic compound was dissolved in acetonitrile, precooled to -30°C and the silylchlorides (RsSiCl;
R=TMS or iPr) as electrophilic species also diluted in acetonitrile was added slowly at low
temperature. The colour change to yellow indicated an ongoing reaction. However, from all reaction
solutions only the ring closure product 43 was isolated, presumably formed via a metal-halogen
exchange and intramolecular ring closure. (Scheme 5.8) In future approaches, reactions of transition
metal complexes, alternatively to silyl chlorides, with anionic chain species to form coordination
polymers will be investigated. As ring formation as a side reaction is not possible for anionic rings,

their conversion with these electrophiles will be examined in further studies.
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&n’
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: Ph,
! 7 43
v -
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Scheme 5.8 Derivatisation attempt of 33 with R3SiCl (R = TMS or iPr) does not give the intended product. The isolated
product 43 of these reactions is likely formed via a metal-halogen exchange and a subsequent intramolecular ring closure.
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5.2.2 Anionic Cages

As already discussed in section 5.1.1, low yields and the formation of orange solutions were observed
when using an excess of LiAlH, in the reduction of Ph,SnCl, in Et,0 as already mentioned earlier.
Since we wanted to have a closer look on this possible side reaction, we decided to convert defined
stoichiometric amounts of Ph,SnH, (26) and LiAlH,. Here, Et,0 as a solvent was replaced by THF
because of its lower volatility and therefore is more convenient to work with. Additionally, for these
reactions purchased, grey LiAlH, was additionally recrystallised from Et,0O and was used as a pure,
colourless crystalline solid for these reactions to guarantee an exact stoichiometry. To support
crystallisation of reaction products, corresponding amounts of the crown ether 12-crown-4 were

added.

5.2.2.1 Synthesis

For all reactions with a moderate excess of LiAlH,, reaction solutions also turned orange similar to
reductions when using a surplus of reducing agent. Accompanied slight formation of hydrogen was
observed and after a few days a colourless, fluffy precipitate, confirmed by IR to be AlH;, was
separated from these orange solutions. NMR spectroscopically also benzene was identified as a
byproduct. In initial experiments, using no defined stoichiometry orange crystals of 44 and red
crystals of 45 were obtained next to each other after cooling to -30°C. Crystals obtained for both
compounds were suitable for X-Ray crystallography, which revealed the structure of the isolated
products. Since in these initial approaches no direct correlation between number of electrons,
formally introduced with LiAlH,, could be identified, it was assumed that the amount of lithium
cations may govern the resulting compound and [AIH,]" plays only a role in bond formation, but does
not influence the resulting structure. Considering this assumption, we applied ratios of LiAlH, to
diphenyltin dihydride, which represent the ratio of lithium ions to tin atoms in the isolated cages, and
could isolate pure products from these reactions: Application of 3.5 eq Ph,SnH, referred to
1 equivalent LiAIH, gave the dianionic, bicyclic[2.2.1]tin cage44. The molar ratio of
Ph,SnH,:LiAlH,=4:1 provided a dianionic [2.2.2] bicyclic compound 45. Whereas a 8:1 ratio yielded
the structural related monoanion 46, which shows structural similarities to MeLil8 accessed via the
reaction of a pentastanna[l.1.1]propellane with Meli as discussed in section 4.3.4.2. In Scheme 5.9
the relation between the applied stoichiometric ratio and the reaction product is illustrated. Also
anionic cyclic and non-cyclic tin oligomers, compounds already discussed in 5.2.1 Anionic Chains and

Rings, sometimes cocrystallised with described cages as byproducts.
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3.5:1 . >8:1
Ph,oSnH, + LiAIH,

THF / 12-crown-4

4:1

Ph2 Ph2 Ph2

Sn /Sn /Sn

5.0 Ph,SH | ° Phosr | _ph
PhaSnl = g ph, PhZSn’|'Sn\SnPh Phosn-| >~ o

/- ~shPh [LSn /o [LSn /22
PhoSn™ ©  SnPh; Ph,Sri~ © ShPh, Ph,Sn~~ © SnhPh,

2 [Li(12Cr4),]" 2 [Li(12Cr4),]" [Li(12Cr4),]*

44 45 46

Scheme 5.9 Reaction of Ph,SnH, with LiAlH, in various stoichiometric ratios. Above structures were isolated in moderate
yields from reactions with stated Ph,SnH,:LiAlH, molar ratio. H,, benzene and AlH; as side products were identified by NMR
or IR spectroscopy. Compound 44 was isolated as orange crystals. While 45 displays red colour and 46 is yellow.

When using a higher excess of LiAlH, under same conditions as in the above described reactions,
again evolution of H, was observed, but also the formation of a grey solid, presumed to be elemental
tin. Also benzene was formed in this reaction as evidenced by *H NMR spectroscopy. After removal of
the resulting tin, the phenylated aluminum compounds 47 and 48 were isolated as colourless crystals
from the stoichiometric ratios declared in Scheme 5.10. Herein, the remarkable aspect is the phenyl
group migration, which was already observed from one tin to another in the reactions of Ph,SnH,
with alkaline metals, from the tin onto the aluminium. Similar compounds featuring more sterically
demanding compounds have been isolated so far in the conversion of an aryl lithium compound with
LiAlH, or AlHsNMe3.”>®® The reverse direction, organogroup migration from aluminium compounds
onto other main group metal centres, is a popular way for the synthesis of organo main group metal

compounds.®”!

0.75:1 2:1
[Li(12Cr4)DME][Ph3AIH] =——— PhySnHy + LIAIH,  ———— [Li(12Cr4),][PhAIH;]

47 THF/12-crown-4 48

Scheme 5.10 Higher Excess of LiAlH, leads to formation of hydrogen, benzene, elemental tin and phenylated aluminum
compounds 47 and 48.

In the quest of a possible alternative reagent to LiAlH,;, we considered the use of strong bases e.g.
sodium and potassium benzyl as coupling reagents. Conversion of diphenyltin dihydride with 0.5 eq
of sodium or potassium benzyl gave indeed the corresponding structural analogue of 44. (Scheme

5.11)
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0.5 eq Na benzyl 0.5 eq K benzyl
[Na(15cr5)(DME)],[Sn7Phyg] -— Ph,SnH, _— [K(b18cr6)(DME)],[Sn7Ph4c]
44a DME, 15cr5 DME, b18cr6 44b

Scheme 5.11 Reactions of Ph,SnH, with Potassium and Potassium benzyl in presence of the corresponding crown ether in
DME.

Anionic functionality of discussed cages also allows the further derivatisation similar to presented

anionic linear oligomers.

5.2.2.2 X-Ray Crystallography

All presented cages were analysed by X-Ray crystallography and their structural properties will be
discussed in this section. Again discussion of structural characteristics will mainly focus on the tin
backbone. Also structures of presented phenylated aluminum compounds will be discussed here. For

more detailed information about measurements and refinement see the Appendix.

Characteristics of tin backbones in 44, 44a and 44b are fairly comparable and similar trends can be
observed in all these compounds. Due to the strained [2.2.1] bicyclic system, the bridging tin atom
Sn7 in 44 shows slightly extended bond lengths (2.934(5) and 2.851(6) A) compared to the average
Sn°-Sn distance of 2.849(9) A. (Figure 5.12) Same tendency is also found for 44a (2.8868(7) and
2.8782(4) A vs. 2.862(2) A) and 44b (2.8780 A vs. 2.843(8) A). Also Sn—Sn—=Sn bond angles of the
bridging tin atoms show similar extended values (120.91(2)-123.1(2)°) compared to the ideal
tetrahedral angle of 109.5 and angles of the non-charged tin atoms (110.28(2)-114.1(1)°) in all of

19, NMR resonance of this tin

these compounds, which may also explain the highly lowfield shifted
nucleus. Similar to already discussed anionic chain and ring systems, the angle sums of anionic
bridgehead atoms in 44, 44a as well as 44b also show lower values (263.79(6)-267.13(6)°) than
expected for an atom with ideal tetrahedral environment (3*109.5°=328.5°). Again, this implies the
high s orbital character of the lone pair and a large p orbital character of bonding orbitals. In

accordance with this observation, also bond lengths of these anionic tin centres are slightly extended

compared to bond distances between neutral Sn atoms. For a summary of these values see Table 5.7.
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Table 5.7 Summary of structural properties of [Sn7Ph10]2’ anions of 44, 44a and 44b. Bridgehead tin atoms are here denoted
as sn°. Bridging tin atoms are denoted as Sn°®

Space  Sn°-Sn Sn=Sn° Sn-Sn 3 Sn-Sn°-Sn  Sn-Sn=Sn

Group [A] (avg.) [A] [A] ] ]
2.934(5)  2.850(4) 264.4(1)
Li,[Sn,Phy] (44) P-1  2.849(9) 123.1(2)
2.851(6)  2.795(4) 264.1(6)

2.8868(7) 2.8370(6) 267.13(6)

Na,[Sn,Phs] (44a) P2./c  2.862(2) 120.91(2)
2.8782(4) 2.8612(5)  263.79(6)

K2[Sn;Phy,] (44b) P3;21  2.843(8) 2.8780 2.824(1) 265.93(3) 121.72

Figure 5.12 Molecular structure of the [Sn7Ph10]2' backbone in [Li(12cr4),],[Sn;Ph4,] (44). Hydrogen atoms are omitted for
clarity. Ellipsoids are drawn with 30% probability. Selected distances [A] and angles [°]: Sn1-Sn7 2.934(5), Sn1-Sn2 2.833(2),
Sn1-Sn6 2.862(3), Sn2-Sn3 2.850(4), SN6-Sn5 2.795(4), Sn2-Sn1-Sn6 94.77(8), Sn2-Sn1-Sn7 84.0 (1), Sn6-Sn1-Sn7 85.6(1),
Sn1-Sn2-5n3 114.1(1), Sn2-Sn3-Sn4 112.7(1), Sn3-Sn4-Sn5 94.6(2), Sn3-Sn4-Sn7 85.9(2), Sn5-5n4-Sn7 83.6(2), Sn1-Sn6-Sn5
110.5(1), Sn1-Sn7-Sn4 123.1(2).
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Same structural peculiarity does apply for the anionic bridgehead tin centres in dianionic 45 and in
monoanionic 46, but not for the neutral bridgehead atom in 46. Herein, differences in hybridisation
of the two bridgehead atoms Sn1 and Sn4 are evidenced by the notable difference in Sn—Sn°-Sn
angle sums. The anionic tin centre Sn1 displays an angle sum of 287.84(7)°, indicating a high s orbital
character of the lone pair, in contrast to the tetrasubstituted Sn4 with an Sn—Sn°~Sn angle sum of
318.54(4)°. Latter corresponds rather to an ideal sp® hybridisation. Also bond length tendencies
correspond to this observation. (Figure 5.14, Table 5.8) Noteworthy, in 46 tin centres alpha to the
anionic bridgehead tin atom (Sn1) possess widened Sn—Sn—Sn angles (117.40(9)-122.17(9)°) like all
bridging atoms in the tin backbone of 45 (120.49(2)-124.58(2)°). In contrast, Sn—Sn—Sn angles of tin

centres in beta position display values closer to those of an ideal tetrahedron (105.49(8)-110.47(8)°).

Table 5.8 Comparison of structural properties for the bridgehead atoms in [Li(12cr4),],[SngPh;,] (45) and
[Li(12cr4),][SngPh;3] (46). (Figure 5.13 and Figure 5.14)

Sn°-Sn 3 Sn-Sn°-Sn
[A] (avg.) [°]

Sni 2.839(9) 276.05(6)
[Li(12cr4),);[SnsPhy,] (45)

Sn8 2.818(7) 274.06(6)

Sn1 2.850(9) 287.84(7)
[Li(12cr4),]1[SnsPh3] (46)

Sna 2.784(9) 318.54(4)

41



Results and Discussion

Figure 5.13 Molecular structure of the [SngPhlz]z' anion in [Li(12cr4),],[SngPh;,] (45). Hydrogen atoms are omitted for
clarity. Ellipsoids are drawn with 30% probability. Selected distances [A] and angles [°]: Sn1-Sn2 2.8253(7), Sn1-Sn3
2.8407(7), Sn1-Sn4 2.8382(8), Sn2-Sn5 2.8316(8), Sn3-Sn6 2.8065(8), Sn4-Sn7 2.7887(8), Sn5-Sn8 2.8253(7), Sn6-Sn8
2.8242(8), Sn7-Sn8 2.8253(7), Sn2-Sn1-Sn4 91.42(2), Sn2-Sn1-Sn3 93.35(2), Sn1-Sn2-Sn5 120.49(2), Sn1-Sn3-Sn6 121.18(2),
Sn1-Sn4-Sn7 123.15(2), Sn2-Sn5-Sn8 124.58(2).

Figure 5.14 Molecular structure of the [SngPh43] backbone in [Li(12cr4),],[SngPhy3] (46). Hydrogen atoms are omitted for
clarity. Ellipsoids are drawn with 30% probability. Selected distances [A] and angles [°]: Sn1-Sn2 2.853(4), Sn1-5n6 2.861(3),
Sn1-Sn7 2.838(2), Sn2-Sn3 2.811(3), Sn4-Sn3 2.789(2), Sn4-Sn5 2.778(3), Sn4-Sn8 2.787(2), Sn5-Sn6 2.827(3), Sn7-Sn8
2.8318(3), Sn2-Sn1-Sn6 96.98(9), Sn2-Sn1-Sn7 95.50(9), Sn6-Sn1-Sn7 95.34(9), Sn1-Sn2-Sn3 117.40(9), Sn2-Sn3-Sn4
110.47(8), Sn3-Sn4-Sn5 106.88(8), Sn3-Sn4-Sn8 105.24(8), Sn5-Sn4-Sn8 106.40(8), Sn4-Sn5-Sn6 105.49(8), Sn1-Sn6-Sn5
122.17(9), Sn1-Sn7-Sn8 121.85(9), Sn4-Sn8-Sn7 106.61(8).
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Structural data of the phenylated aluminum compounds [Li(12cr4)][Ph;AIH] (47),
[Li(12cr4)][PhAIH;] (48) and structural related literature compounds are summarised in Table 5.9.
Bond angles correspond well to values of an ideal tetrahedron and found bond lengths mostly fit to
values of presented literature known compounds. Yet, some differences are observable. For
example, Al-H bond distance of 47 (1.66(2) A) is slightly longer compared to the Al-H bond distance
in K[PfpsAIH] (1.59(4) A)®® but considerably longer than in e.g. dimeric [AIH3(THF)], (1.39(4) and
1.55(3) A)®%. In compound 48, a slightly shorter AI-C bond is observed (2.022(4) A) than in
[Mes*AlH3]  having a more sterically demanding aryl substituent (2.0301(5) A)®!. Same holds for the
Al-H distances (1.46(4)-1.50(5)A) in 48 compared to [Mes*AlH;]" (1.539(57)-1.601(50) A)®.
Molecular structures of discussed phenylated aluminum compounds are illustrated in Figure 5.15 and

Figure 5.16.

Table 5.9 Comparison of the structural data of 47 and 48 to [PfpsAIH] (Pfp = Pentafluorophenyl) and [Mes*AlH;]
(Mes* = 2,4,6't‘BU3C6H2).

Space Al-C Al-H C-Al-C C-Al-H H-Al-H
group (Al (Al [°] ] [’]
2.016(3) 111.4(1) 109(2)
[PfpsAIH] B8 C2/c 2.024(3) 1.59(4) 111.7(1) 110(2) -
2.015(3) 107.5(1) 107(2)
2.022(3) 111.0(1)  105.6(8)
[PhsAIH] " (47) P2,/c  2.010(2) 1.66(2) 109.7(1)  110.3(8) -
2.006(3) 109.5(1)  110.7(8)
1.556(54) 113.1(19)  107.9(28)
[Mes*AlH,] P2,/c  2.0301(5) 1.539(57) - 113.1(18)  102.6(26)
1.601(50) 110.0(16)  109.6(28)
1.46(4) 108(2) 107(2)
[PhAIH;]" (48) Pbca 2.022(4) 1.50(5) - 114(2) 110(2)
1.50(5) 110(2) 107(2)
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Figure 5.15 Molecular structure of [Li(12cr4)(DME)][Ph;AIH] (47). Hydrogens except Al-H atoms are omitted for clarity.
Ellipsoids are drawn with 30% probability. Selected distances [A] and angles [°]: Al1-C1 2.022(3), Al1-C7 2.010(2), Al1-C13
2.006(3), Al1-H1 1.66(2), C1-Al1-C7 111.0(1), C1-Al1-C13 109.7(1), C7-Al1-C13 109.5(1), C1-Al1-H1 105.6(8), C7-Al1-H1
110.3(8), C13-Al1-H1 110.7(8).

Figure 5.16 Molecular structure of [Li(12cr4),][PhAIH;] (48). Hydrogens except Al-H atoms are omitted for clarity. Ellipsoids
possess a probability of 30%. Selected bond lengths [A] and angles [°]: Al1-C17 2.022(4), Al1-H2 1.46(4), Al1-H3 1.50(5),
Al1-H4 1.50(5), C17-Al1-H2 108(2), C17-Al1-H3 114(2), C17-Al1-H4 110(2), H2-Al1-H3 107(2), H2-Al1-H4 110(2),
H3-Al1-H4 107(2).
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5.2.2.3 Spectroscopical Data

1951 NMR spectroscopically. Due to the

All mentioned anionic cages 44, 45 and 46 were investigated
same degradation issues as described for dianionic chains in common NMR solvents, acetonitrile-d;
again was the deuterated solvent of choice. In this solvent it was possible to record reasonable
spectra with nice coupling pattern as illustrated e.g. for 44 in Figure 5.17. Most resonances fall into
the expected range. Exception in this observation is the bridging atom of 44, which also exhibits
structural particularities because of the strained bicyclic [2.2.1] system as already discussed in
section 5.2.2.2 X-Ray crystallography. The unusual structural properties result in a highly lowfield

shifted resonance at +200.28 ppm compared to the non-anionic tin centres in 44 displaying a *°S

n
NMR shift of +35.64 ppm. Latter values are also exceedingly lowfield shifted compared to
corresponding tin atoms in 45 and 46 (-183.18 to -316.81 ppm). Resonances in '**Sn NMR and
observed coupling constants of all these compounds are summarised in Table 5.10. Due the “roof”

effect and low solubility, most J (**°Sn,"°Sn) coupling constants in 45 could not be detected.

- 156

& = 35.6 ppm
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Figure 5.17 Coupling pattern of the shift at 35.6 ppm in the ““Sn NMR spectra of in [Li(12cr4),],[Sn;Phy,] (44).
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Table 5.10 Summary of 195 resonances [ppm] and coupling constants [Hz] of 44, 45 and 46 in CD3;CN.

19g Shift
[ppm]
[Sn,Pho]* (44) 1200.28 1) (*19n, 719 n) = 4426/4636 Hz
%) (*9Sn,Sn") = 54 Hz
sn! 23564 1) (*95n, 177119 0) = 5710/5990 Hz
/ \ 3 1, (119 117 -
@Sn\ /Sne J(*°Sn,*’sSn) = 3939 Hz
\ Sn—Sn / 2J (*9sn, 7% n) = 1082/1134 Hz
2
Sn Sh 2) (M9%n 175n) = 735 Hz
2J (*°Sn, Sn’) = 54 Hz
3) (***sn, **sn) = 26 Hz
*.857.73 1) (Y9, 1719 ) = 5710/5990 Hz
1) (Y19n, Y719 n) = 4426/4636 Hz
2) (M'9sn, 719 n) = 1082/1134 Hz
[SnsPhy,)* (45) 1.316.81 1) (*°sn,*"sn) = 5020 Hz
1) (**°sn,*"sn) = 3610 Hz
Sn sn' 2) (195, 117119 ) = 770/807 Hz
5 %) (**°sn,*"sn) = 240 Hz
eSn\S /Sn~8ne
\ n 3) (1195n,1175n) =17 Hz
Sn Sn 2 586.97 1 (195n,17Sn) = 5020 Hz
2) (19,7119 ) = 770/807 Hz
fCoupling constants J (ugsn,mSn) andJ (ugsn, Sn) are not resolved.
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Continuation of Table 5.10 Summary of 95 resonances [ppm] and coupling constants [Hz] of 44, 45 and 46 in CD;CN.

119 Shift
[ppm]
[SngPhy3] (46) ') (**°sn,™’Sn) = 6126 Hz
') (*%sn,'*%sn) = 6422 Hz
1.183.18
1 2 2 119 - H
Sh S J (*°Sn, Sn) = 708 Hz
. / 5 2J (**°Sn, Sn®) = 548 Hz
eSn Sn—SnPh
\ _— n
Sn 2) (**°sn,'"’sn) = 2274 Hz
Sn Sn 1) (*9n, 1 7/1% ) = 1020/1170 Hz
2.238.75
1) (Y9, 1719 ) = 916/957 Hz
2 (*°Sn,Sné) = 131 Hz
1) (**°Sn, Sné) = 1170 Hz
3.471.10 ?J (**°Sn, Sn®) = 548 Hz
*) (**°Sn,Sné) = 170 Hz
) (**°sn,™’Sn) = 6126 Hz
4.758.24 ') (**°sn,™°Sn) = 6422 Hz

3) (**°Sn,Sné) = 170 Hz

€ Coupling constants J (*sn,

117,

Sn) and)J (msn,mSn) are not resolved.
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5.3 Clusters and molecules with non-classical bond situation

Phenyl group migration was described in the formation of compounds discussed in earlier sections of
this chapter. Considering this observation, addition of a reactive, low valent species to solutions of
diarlytin dihydrides may force aryl group migration while forming Sn-Sn bonds and thereby encloses
eventually the synthesis of molecular tin cages. Deployment of low valent species in this reaction
introduces simultaneously already naked tin centres for the formation of metalloid tin clusters. Since
cages and clusters are likely to form the bulk metal due to their metastability, more sterically
demanding substituents than a phenyl group were introduced on the tin centre for kinetic
stabilisation of such compounds. Chosen aryl substituents and synthesis of starting material for these
reactions was discussed in 5.1 Diaryltin dichlorides and dihydrides. Results of subsequent conversions

of these tin hydrides will be discussed in this subchapter.
5.3.1 Synthesis

Initial experiments applying diphenyltin dihydrides and LAPPERT’s stannylene in toluene led to a single
tin containing product, which displays a triplet at -137.04 ppm (J = 153 Hz) with a ratio 1:4:1 in
119Sn{lH} NMR. However, the detected product has not been identified, so far. Identification for

products of more sterically demanding phenyl substituents is summarised in the following.

5.3.1.1 Reactions of Dep,SnH,

Equimolar conversion of Dep,SnH, and Sn(NEt,), in THF quickly led to a dark brownish solution. After

950 NMR investigation (a small amount of CsDs was added to the NMR sample for locking)

two days
indicated the formation of the pentastanna[l.1.1]propellane SnsDeps (354.99 and -1760.39 (Jsp 11950 =
4174 Hz, Jsn 1175, = 3990 Hz) ppm) and decastanna[5]prismane (DepSn)yo (-24.44 ppm).*** Additional
shifts were found at 868.7 and -116.2 ppm, which could not be assigned. Thin layer chromatography
of the reaction solution (n-heptane/toluene = 10/1) showed a spot with the characteristic violet
colour of the propellane. Upon narrowing of the reaction solution brown crystals precipitated, which
turned out the suitable for X-Ray crystallography. This analysis method revealed the structure 49,
which may play a role as an intermediate in the formation of other compounds. Unassigned **°Sn
NMR resonances at 868.7 and -116.2 in the reaction solution are likely to originate from 49. For
purification the narrowed reaction solution was applied onto a silica gel column (n-heptane/toluene
= 10/1 to 5/1). From fractions of this column two additional products were isolated as depicted in
Scheme 5.12. Already presumed pentastanna[l.1.1]propellane 50 was isolated and structurally

confirmed from the first violet fraction. Also the cyclic (Dep,Sn); (51) was characterised by X-Ray

crystallography, after isolating from the following second fraction. Discussion of these compounds’
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structural characteristics can be found in section 5.3.2 X-Ray Crystallography. Other tin containing

119

compounds found in ““Sn NMR analysis could not be confirmed structurally or not assigned, so far.

AI’Z
Et2 Sn
N Ar2
Sn(NEtp), ST—p=Sn Sn /// _
272 Sn----- S other tin
Dep,SnH, —— Et, + \ + Sn n 4+ ur
THF \ containing
Ar,Sn SnAr, ArzSn SnAr; \ compounds
Ar,Sn SnAr,

49 51 50

Scheme 5.12 Overview of products in the reaction of Dep,SnH, with Sn(NEt,),.

Under similar conditions, application of Sn(HMDS), instead of Sn(NEt,), resulted first in a yellow
solution, which then turned slowly overnight brownish red. The solution was investigated *Sn NMR
spectroscopically after two days. Additional to shifts again indicating pentastanna[1.1.1]propellane
50 (354.31 and -1757.93 ppm, also indicated by thin layer chromatography displaying a violet spot),
plenty of peaks were found in the range of -100 to -300 ppm
(-128.47, -145.58, -157.07, -175.79, -203.61, -243.22 and -297.47 ppm). Due to the presence of
unconsumed starting material Dep,SnH,, the reaction was stirred for another six days and again
investigated spectroscopically. Most of the former found shifts disappeared and only two of them
were still present at -157.07 and -203.61 ppm. Additionally, another shift at -74.10 appeared. Shifts
in the named region are often found for neutral cyclic oligomers.[mo] It is also presumed that the
disappeared shifts possibly are oligomers, which are formed intermediately and are consumed while
forming the final products. In contrast to these reactions with LAPPERT's stannylene, the main
product was identified in the reaction with LAPPERT’s germylene according to °Sn NMR. In the
reaction of Dep,SnH, with Ge(HMDS), tin bond formation occurs and mainly the dimeric
(Dep,SnH), (52) is formed. The role of the germanium or respectively the resulting germanium
compound has not been resolved so far. Sole evidence is given by *H NMR analysis, which shows
additional shifts around 0 ppm. This observation indicates the formation of other amine and amide

compounds during this reaction.

Ge(HMDS), H
Dep,SnH; > DepZSn/—Sn Dep»,
THF H
52

Scheme 5.13 Conversion of Dep,SnH, and a equimolar amount of Ge(HMDS), leads to the tin-tin bond coupling product 52.

Due to its remaining functionalities, compound 52 is an appealing dimeric building block for further

modification. Yet, synthesis of functional distannanes e.g. (tBu,SnH), included a multi-step synthesis
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route starting from R,SnH, or (tBu,SnCl), was isolated as a byproduct in the synthesis of R,SnCl, and

was reduced using LiAlH,. The observed reactivity may enclose an alternative route for the synthesis

of such dimers featuring different substituents.*"

Ge(HMDS), H
/
stnHz —_— RgSn—/Sn R2
H
R2SnCl, LiAIH,4
+ amine /CI
2 RySnHCI - R28n—/8n R»

Cl

Scheme 5.14 Synthesis of (R,HSn), using a multi-step synthesis route and the alternative route using Ge(HMDS),.
5.3.1.2 Reactions of Tripp,SnH, and Dipp,SnH,

All reactions of Tripp,SnH, or Dipp,SnH, with E(ll) amides were again conducted in THF, whereby
latter tin hydride displays a slightly poorer solubility also in this fairly good solvent for organotin
compounds. Nevertheless, both exhibit the same reactivity towards deployed E(ll) amides. An

overview of reaction products of these reactions is given in Scheme 5.15.

In the reaction of equimolar amounts Ar,SnH, (Ar = Tripp, Dipp) with LAPPERT's stannylene
Sn(HMDS),, cyclic SnsH,Arg (Ar = Tripp (53), Dipp (54)) was isolated as a main product through
crystallisation from the brownish red reaction solutions. Apparently due to the lowered solubility of
the Dipp substituent, the colourless product was isolated in shorter reaction times and in higher
yields in the case of SnsH,Dipps (2 weeks, 58% yield). Compound 54 also exhibits a way poorer
solubility in benzene, since recording of *C NMR in C¢D¢ showed almost no signals for this
compound, but was satisfying in the case of 53 in the same solvent. Additionally, solubility of 54 in
THF-dg was only moderate, but enough to do *C and '*Sn NMR analysis. Both compounds are
insoluble in n-pentane. In experiments using a molar ratio of 3 : 1=Ar,SnH, : Sn(HMDS),, which would
correspond to the amount of aryl groups and tin atoms in the resulting product, lower yields were
achieved. Therefore a formal excess of the tin(ll) species is required in the formation of Sn,ArgH, and
suggests the development of other byproducts, which are so far unidentified. Spectroscopic data of
both compounds are compared to related published structures in Table 5.11. Isolated compounds 53
and 54 display highly lowfield shifted *°Sn NMR resonances (-166.7 and -192.9 ppm; -163.6
and -195.4 ppm) compared to [SnHAr*], (-324.3 ppm), but correspond nicely to the resonance of
[SNH(CH(TMS),)]4 (-198 ppm). Yet, 'H NMR shifts at 8.42 and 8.46 ppm of 53 and 54 are fairly lowfield

shifted than corresponding resonances of presented literature compounds. Also lower coupling
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119

constants 'J (*H, '*°Sn) are observed for these novel compounds. Other values fall into the same

order.

Table 5.11 Overview of spectroscopic data for 4-membered tin rings [SnHAr*], (Ar*¥=2,6-Mes,C¢H3), [SNH(CH(TMS),)14,
Sn,H,Trippg (53) and Sn,H,Dippe (54) featuring hydride functionalities.

195 shift 'H shift Y(*H, *°sn) A (*H, **°sn) (Sn-H)
[ppm] [ppm] [Hz] [Hz] [em™]
[SnHAr*], & -324.3 3.97 1590 - 1789
[SnH(CH(TMS),)], *® -198 5.76 1326 - 1845
Sn,H,Tripps (53) -166.7 8.42 1177 158 1834
-192.9
Sn,;H,Dipps (54) -163.6 8.46 1189 138 1838
-195.4

Application of the more labile Sn(ll) amide species Sn(NEt,), in the conversion with Tripp,SnH, also
led to the formation of colourless crystals after 9 days, which turned out to be again cyclic
Sn4H,Trippe. In this reaction, colour change of the initial yellowish reaction solution to dark brown
occurred even quicker than in reactions with LAPPERT's stannylene. Reaction solutions of Sn(NEt,),
also appeared always even more intense in brown colour than corresponding experiments with
Sn(HMDS),. Nevertheless, precipitated colourless crystals of 53 seemed to disappear slowly and
additional purple crystals formed, which were suitable for single crystal X-Ray diffraction. Structural
analysis revealed the formation of the metalloid tin cluster SnyoTripps (55), which was just recently
isolated by ScHULz and coworkers from the reaction of (Tripp,Sn), with a Mg(l) reductant.”" In *°sn
NMR spectra of the reaction solution (small amount of CsD¢ was added for locking) next to others at

% resonances

least two resonances at 136.0 and 235.8 ppm were observed, which would fit to
found by ScHuLz and coworkers in CgDg at 134.7 and 236.7 ppm. A third shift suitable to the literature
shift (358.9 ppm) was probably not found and assigned because of solvent effects. Thin layer
chromatography of the reaction solutions using pure n-heptane as an eluent showed next to a purple
coloured spot of 55 at R; = 0.6 also a violet coloured spot at R; = 0.9, which indicates again the
formation of a pentastanna[l.1.1]propellane. All in all, disappearance of all colourless crystals and
crystallisation of pure 55 took about 4 weeks. Similar observations were found for the reaction with
Dipp,SnH, and 56 could be structurally investigated by X-Ray crystallography. Since Sn;H,Dipps (54)
exhibits quite poor solubility compared to 53, the dissolution of colourless crystals of 54 takes even

longer. Heating the reaction solution to 60°C for 1 day followed by heating to 80°C for 4 days led to

the dissolution of all colourless crystals and a formation of additional 56, but also a high amount of
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elemental tin was formed in this case. Entire NMR spectroscopical data could not be recorded for 55
and 56 so far, as both compounds exhibit poor solubility in all common deuterated solvents after

precipitating from the reaction solution.

Reaction of LAPPERT’s germylene with Ar,SnH, (Ar = Tripp, Dipp) gave in both the corresponding
structural analogues of (Dep,SnH), (52), compound (Tripp,SnH), (57) and (Dipp,SnH), (58) as main

products in this reaction after 3 days. Compound 57 was proven NMR spectroscopically by 'H

119
d

couple Sn NMR, whereas 58 was additionally analysed by X-Ray crystallography to verify the

suggested structure. In the case of Ar = Dipp the reaction seems to proceed straight forward and no

119

additional products were detected by “~~"Sn NMR using equimolar amounts of the starting material.

1196 n NMR. For further investigations,

For Ar = Tripp an additional peak at -65.3 ppm was detected in
the reaction of Dipp,SnH, with Ge(HMDS), was repeated using a 1:0.5 stoichiometric ratio. In this

case next to 58 also the formation of 54 was recorded by *°Sn NMR.

Sn H
— —
AI"SH\' /SnAr Sn(NEt2)2 Sn(HMDS) |_
/ Sn \ 2 . ArSn——SnAr,
Ar,Sn SnhAr, <~——  AnSnH;
AN Sn- / THF Ar,Sn——SnAr
ArSn/\ _=ShAr THF |
Sn Ge(HMDS), H
53 Ar =Tri
55 Ar = Tripp THF — PP
) 54 Ar = Dipp
56 Ar = Dipp
/H
ArZSn—/Sn Ar,
H
57 Ar = Tripp
58 Ar = Dipp

Scheme 5.15 Overview of the reactivity of Ar,SnH, (Ar = Tripp, Dipp) towards Sn(Il) amides.

Mentioned observations in reactions of Ar,SnH, with Sn(NEt,),, the partial redissolution of SnsH,Arg
(Ar = Tripp (53), Dipp (54)) and the subsequent formation of SnyTrippg (Ar = Tripp (55), Dipp (56)),
suggest that the four membered ring plays a crucial role in the formation of the metalloid tin clusters
55 and respectively 56. It seems that basicity of the more stable Sn(ll) species Sn(HMDS), is sufficient
to form 53 and 54 in the reaction with Ar,SnH, (Ar = Tripp, Dipp), but basicity of this amide is not
strong enough for further reactions with the remaining hydride functionalities of 53 and 54. In
contrast, the more labile and more basic Sn(NEt,), seems to further transform the still functional
Sn4H,Ars. In order to have a closer look on these events, conversions of isolated Sn;H,Dipps (54) with
Sn(HMDS), respectively Sn(NEt,), on NMR scale was watched and monitored. Addition of Sn(HMDS),
to a suspension of 54 in THF did not lead to any observable change after 10 days. (Figure 5.18) By
contrast, adding Sn(NEt,), to such a suspension resulted to a noticeable colour change after already

5 h and an intense brown colour similar to reaction solutions of Dipp,SnH, and Sn(NEt,), after 5 days.
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(Figure 5.19) Indeed, ***Sn NMR analysis shows evidence for the formation of 56. Additionally, briefly
heating of a colourless suspension of 54 in 1, 2-dichlorobenzene resulted in a colour change to
purple. Again in this solution next to resonances assigned to 54, shifts at 332.0, 231.2 and 139.0 ppm

119

were detected by “Sn NMR, which could indicate again the formation of 56. For complete

comprehension of these reactions, further investigations have to be done in future.

Figure 5.18 Conversion of SnsH,Dippg (54) with Sn(HMDS), on NMR scale in THF. Photo on the left shows the solution
before addition of the tin(ll) amide. Second photo shows the solution after addition of Sn(HMDS),. Photo on the right shows
the solution after 10 days. No colour change was observed at all.

Figure 5.19 Conversion of Sn,H,Dippg (54) with Sn(NEt,), on NMR scale in THF. Photo on the left shows the solution before
addition of the tin(Il) amide. Second photo shows the solution after addition of Sn(NEt,),. Photos on the right show the
colour change of the solution after 5 h and after 5 days.
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5.3.1.3 Conclusive Considerations

In brief, reaction outcome in the conversion of Ar,SnH, with E(ll) amides depends strongly on the
chosen low valent species, whereas the stability of the E(ll) species and the basicity of amide
substituents seem to direct the resulting main product. Since experiments of Tripp,SnH, and
Dipp,SnH, show nearly identical results in contrast to Dep,SnH,, the sterical demand of the ortho

substituent may also play an important role in guiding the reaction outcome.

In order to proof the requirement of the low valent species and confirm that not potential
contamination originating from the synthesis of the Sn(ll) amides, like unreacted lithium amide or the
hydrolysed amine, are responsible for the observed reactivity, reactions of latter compounds with
Dipp,SnH, were investigated as well. In all these experiments, no formation of a dark brown reaction
solution was observed as earlier described for the reactions with Sn(Il) amide species. (Figure 5.20) In
the case of (CH;Si),NH, no conversion of the starting material Dipp,SnH, was detected at all.
Conversions of the same organotin hydride with lithium amides (CH;Si),NLi and Et,NLi resulted in
yellow reaction solutions, which did not show any evidence for the formation of described neutral tin
compounds, but again forming similar anionic tin species as described in section 5.2.1 Anionic Chains

and Rings.

Figure 5.20 Reaction solutions of Dipp,SnH, with (CH3Si),NH (HMDS-H, left), (CH5Si),NLi (HMDS-Li, middle) and Et,NLi
(right).
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5.3.2 X-Ray Crystallography

In the following subchapter, structural data of previously presented compounds will be discussed.
Some of the examined compounds have been already investigated by X-Ray crystallography and will
be compared to data available in literature. Novel compounds will be referred to structurally related
compounds. For more detailed information about measurement and refinement for discussed

structures see the Appendix.

5.3.2.1 Structures derived from Dep,SnH,

Compound 49 was isolated from the reaction of Dep,SnH, with Sn(NEt,), as an possible intermediate
in the formation of final products. Two bridging amides connect two adjacent tin atoms (Sn1 and
Sn1#), which do not feature any organic substituents, and so form a trapezial shaped tin backbone
with angles of 94.92(1) (Sn1-Sn2-Sn2#) and 84.65° (Sn2—-Sn1 —Sn1#). (Figure 5.21) Amide connected
tin atoms can be considered as low valent and originate presumably from the Sn(ll) amide starting
material. An angle sum of 268.2(3)° observable on these tin centres implies the high p character of
bonding orbitals and the high s character of orbital occupied by the remaining inert lone electron
pair. The Sn—Sn bond distance of these tin centres (Sn1-Sn2 2.9300(1) A) is slightly extended
compared to the ones between the tetravalent tin atoms (Sn2-Sn2# 2.8785(6) A). Tin carbon bond
lengths fall in between 2.207(4)-2.217(5) A.

,/"’E"N\E'i
M@stm"
ﬂ_zwnz '

Figure 5.21 Molecular structure of SnyDep,(NEt,), (49). Hydrogen atoms are omitted for clarity. Ellipsoids possess a
probability of 30%. Selected distances [A] and angles [°]: Sn1-5n2 2.9300(1), Sn2-Sn2# 2.8785(6), Sn2-C5 2.217(5), Sn2-C15
2.207(4), Sn1-N1 2.266(4), Sn1-N1# 2.270(3), Sn1-Sn2-Sn2-Sn2# 97.3(1), C5-Sn2-C15 100.8(2), Sn2-Sn1-N1 96.0(1),
Sn2-Sn1-N1# 91.7(1), N1-Sn1-N1# 80.5(1).
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Molecular structure of (Dep,Sn); (51) was already determined by MasaMune and SITA."%? The tin
backbone of this compound builds up an approximate perfect equilateral triangle with an average
Sn—Sn bond length of 2.859(8) A and an average Sn-Sn—Sn bond angle of 60.0(1)° as illustrated in
Figure 5.22. This observation and all other found values are in accordance with the observations in
literature. Related derivative (Tripp,Sn); features longer Sn—-Sn bond distances compared to 51,

probably because of the bigger sterical demand of the aryl group substituents.

Figure 5.22 Molecular structure of (Dep,Sn); (51). Hydrogen atoms are omitted for clarity. Ellipsoids are drawn with 30%
probability. Selected distances [A] and angles [°]: Sn1-Sn3 2.849(1), Sn1-Sn3 2.875(1), Sn2-Sn3 2.855(1), Sn1-C41 2.19(1),
Sn2-C11 2.20(1), Sn2-Sn1-Sn3 59.84(3), Sn1-Sn2-5n3 59.62(3), Sn1-Sn3-Sn2 60.53(3).

Initial structural investigation of 50 was also accomplished by SITA.®® However, in structural data
available in literature next to pentastanna[l.1.1]propellane also (DepsSn), cocrystallised in the unit
cell. In terms of this work, a novel unit cell solely occupied by four pentastanna[1.1.1]propellanes
was determined, which crystallise in the monoclinic space group P2,/c. Molecular structure of 50 is
illustrated in Figure 5.23. In Table 5.12 its bond distances and angles are compared to values
available in literature. Except for the space group there are no structural deviations from the

example in literature.
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Table 5.12 Comparison of known structure of SnsDepg and one found in terms of this thesis. Bridgehead atoms are here
denoted as Sn".

Space  Sn’-Sn Sn®--Sn® Sn-C I Sn-Sn°-Sn  Sn"-Sn-Sn®
Group  [A] (avg.) [A] [A] (ave.) [°] ] (avg.)
266.55(1)
SnsDepg P-1 2.857(8)  3.367(3) 2.19(1) 266.39(1) 72.19(6)
266.20(6)
SnsDep (50) P2,/c  2.852(8) 3.373 2.188(9) 265.44(6) 72.47(3)

Figure 5.23 Molecular structure of pentastanna[1.1.1]propellane SnsDepg (50). Hydrogen atoms are omitted for clarity.
Ellipsoids are drawn with 30% probability. Selected distances [A] and angles [*]: Sn1-Sn2 2.8531(6), Sn1-Sn3 2.8384(8),
Sn1-Sn4 2.8569(7), Sn1--Sn5 3.373, Sn2-5n5 2.8562(7), Sn3-Sn5 2.8668(7), Sn4-Sn5 2.8449(7), Sn2-SnC1 2.198(7), Sn2-C1
2.200(8), Sn2-Sn1-Sn4 90.18(2), Sn2-Sn1-Sn4 87.53(2), Sn3-Sn1-Sn4 88.49(2), Sn1-Sn2-Sn5 72.42(5), Sn1-Sn3-Sn5 72.47(2),
Sn1-Sn4-Sn5 72.52(2), Sn2-Sn5-Sn3 86.93(2), Sn2-Sn5-5n4 88.66(2), Sn3-Sn5-Sn4 89.85(2).

5.3.2.2 Structures derived from Tripp,SnH, and Dipp,SnH,

Using Ge(HMDS), as an E(ll) amide species in conversion with Dipp,SnH, yields yellowish, nearly
colourless crystals of dimeric compound 58, which turned out to be suitable for X-Ray
crystallography. (Dipp,SnH), (58) crystallises in the monoclinic space group C2/c. Its molecular
structure is shown in Figure 5.24. Both tin atoms are found in a slightly distorted tetrahedral

environment, covalently bound to two aryl substituents, one tin and one hydride. The Sn—H bond
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exhibiting a length of 1.79(3) A is not altered gravely from the derived diarlytin dihydride
Dipp,SnH, (29) (1.71(2) and 1.70(3) A). Found Sn—Sn bond distances are slightly shorter compared to
the next discussed tin rings 53 and 54. The Sn—C bond lengths fall into the known range
(2.169(3)-2.174(3) A).

Figure 5.24 Molecular structure of (Dipp,SnH), (58). Ellipsoids are shown with 30% probability. Hydrogen atoms except
Sn-H atoms are omitted for clarity. Selected bond lengths [A] and angles [°]: Sn1-Sn1# 2.7497(7), Sn1-H1 1.79(3), Sn1-C1
2.174(3), Sn1-C13 2.169(3), Sn1#-Sn1-H1 103(1), C1-Sn1-C13 105.8(1), C1-Sn1-H1 115(1).

Molecular structures of 53 and 54, gained from approaches using Sn(HMDS),, are illustrated in Figure
5.25 and Figure 5.26 respectively. All hydrogen atoms bound to tin were located in the difference
map. In initial crystal structure determination experiments, colourless crystals of 53 were cooled
down as usual to 100 K with a cold N, stream for measurement. Due to a potential phase transition
during cooling down, data collected from these approaches was not sufficient. Eventually, data
collected from measurements at room temperature led to satisfying results. Common characteristic
in both structures is the trans orientation of the two remaining hydride functionalities, which may be
formed owing to the sterical demand of the aryl substituents. Additionally, the tin backbone in both
molecular structures builds up a flat almost perfect rhombic, nearly square shaped, structure. The
Sn—Sn—-Sn angles found on the tin centres still featuring a hydride functionality (95.63(1)° in 53;
95.08(4) and 94.53(4)° in 54) are widened compared to corresponding angles on tin atoms displaying
only carbon substituents (84.37(1)° for 53; 85.12(3) and 85.20(4)° for 54). The average Sn—Sn bond
distance in 53 (2.860(1) A) corresponds nicely to the average Sn—-Sn bond length found in 54

(2.853(8) A).
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Figure 5.25 Molecular structure of SnsH,Trippg (53). Ellipsoids possess a probability of 30%. Hydrogen atoms except Sn-H
atoms are omitted for clarity. Selected distances [A] and angles [°]: Sn1-Sn2 2.8559(5), Sn1-Sn2# 2.8640(6), Sn1-H1 1.68(5),
Sn1-C1 2.186(4), Sn2-C31 2.215(4), Sn2-C16 2.212(5), Sn2-Sn1-Sn2# 95.63(1), Sn1-Sn2-Sn1# 87.37(1).

Figure 5.26 Molecular structure of SngH,Dipps (54). Ellipsoids possess a probability of 30%. Hydrogen atoms except Sn-H
atoms are omitted for clarity. Selected distances [A] and angles [°]: Sn1-Sn4 2.842(1), Sn1-Sn2 2.853(1), Sn2-Sn3 2.857(1),
Sn3-Sn4 2.863(1), Sn1-H1 1.7(1), Sn3-H2 1.9(1), Sn1-C1 2.20(1), Sn2-C13 2.213(9), Sn2-C25 2.21(2), Sn3-C37 2.204(9),
Sn4-C49 2.214(9), Sn4-C61 2.21(1), Sn2-Sn1-Sn4 95.08(4), Sn1-Sn2-5n3 85.12(3), Sn2-Sn3-5n4 94.53(4),
Sn1-Sn4-Sn3 85.50(4).
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Only recently, the structurally related compounds [SnHAr*], and [SnH(CH(TMS),)]s have been
isolated by Power™®Y and WesemanN™®. Structural data of latter compounds are compared to the
isolated structures 53 and 54 in Table 5.13. Like WESEMANN’s [SnH(CH(TMS),)]s, 53 and 54 are flat,
whereas [SnHAr*], exhibits a butterfly geometry enclosing an angle of 143.4°. Nearly all bond
distances of latter are comparable to these literature values, except for the average Sn—H bond
distances (1.68(5) and 1.8(1) A) , which are slightly extended compared to the found Sn—H in
[SnHAr*1,(1.451(2) A).

[81] [48]

Table 5.13 Summary of structural data found in the molecular structures in [SnHAr*], ", [SnH(CH(TMS),)1. ",

Sn4H,Tripps (53) and Sn,H,Dippg (54).

Space Sn-Sn Sn—-C Sn-H Sn =Sn-Sn
Group [A] (avg.) [A] (avg.) [A] (avg.) [°] (avg.)
[SnHAr*], &Y Fddd 2.8242 2.1730(8) 1.451(2) 87.03
[SnH(CH(TMS),)], *&" P2./c 2.8146(5) 2.186(1) - -
95.63(1)
Sn,H,Tripps (53) P-1 2.860(1) 2.204(8) 1.68(5)
87.37(1)
94.80(1)
Sn,H,Dipps (54) P-1 2.853(8) 2.197(1) 1.8(1)
85.31(2)

The isolated metalloid tin clusters Sn;oTripps was just recently structurally investigated."

Nevertheless, structural data determined in terms of this work are compared to the ones found by
WIEDERKEHR et al. in Table 5.14. In all cases SnygArg (Ar = Tripp, Dipp) crystallises in the low symmetry
space group P-1. Also all bond distances and bond angles of investigated structures 55 and 56
compare nicely to the literature values for this type of cluster. Molecular structures of these
compounds are depicted in Figure 5.27 and Figure 5.28 respectively. More interestingly, the inner
structural motif in 55 and 56 spanned by the metalloid tin atoms resembles the motif in compound
SngAr*4 (16), which was mentioned in section 4.3.4.3 Activation of Small Molecules. Viewing 16, 55
and 56 from the side shows that a rhomboid is shaped by the metalloid tin atoms in the centre as
illustrated in Figure 5.29. Structural data including selected distances and angles of this rhomboid are
summarised in Table 5.15. Distances of opposed tin atoms, displaying an obtuse angle (114.68-

118.14°) in this rhomboid, show a Sn---Sn distances of 3.223-32622(4) A, which is shorter than the

h X-Ray data of [SnH(CH(TMS),)], was not available in webCCDC database and structural information was only mentioned
with restrictions in published literature.
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Sn®--Sn® distance in already discussed pentastanna[1.1.1]propellane SnsDeps (3.367(3) A). The nature
of bonding between these bridgehead atoms in SnsDepg has not been clarified, so far. Nevertheless,
it has been agreed that interaction between these atoms is required to some extent.” Comparable
distances between two metalloid tin atoms in 16, 55 as well as 56 suggests a similar bonding
situation. By all means, nature of bonding in isolated structures cannot be described with classical
bond models. Due to the structural relations between isolated metalloid clusters and 16, a similar
activation of small molecules as published for latter might be possible and will be part of future

investigations.[gll

Figure 5.27 Molecular structure of Sn,oTrippg (55). Hydrogen atoms are omitted for clarity. Ellipsoids possess a probability

of 30%. Selected distances [A] and angles [°]:Selected distances [A] and angles [°]: Sn1-Sn2# 2.8748(5), Sn1-Sn3 2.8875(5),

Sn1-Sna# 2.8864(5), Sn2---Sn24# 3.2385(5), Sn2-Sn3 2.8161(5), Sn2-Snd# 2.8014(5), Sn3-Sn5 2.8574(4), Sn4-Sn5 2.8512(5),

Sn3-C12.202(4), Sn4-C16 2.197(4), Sn5-C31 2.206(4), Sn5-C46 2.196(5), Sn3-Sn1-Sna# 96.52(1), Sn3-Sn2-Sn4# 100.16(1),
Sn1-Sn3-Sn2 72.46(1), Sn1#-Sn4-Sn2# 72.69(1), Sn3-Sn5-Sn4 97.57(1).
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Figure 5.28 Molecular structure of Sn;oDipps (56). Hydrogen atoms are omitted for clarity. Ellipsoids possess a probability of
30%. Selected distances [A] and angles [°]: Sn1-Sn2# 2.8876(6), Sn1-Sn3# 2.8843(5), Sn1-Sn4 2.8829(4), Sn2---Sn2#
3.2622(4), Sn2-Sn3# 2.8327(4), Sn2-Sn4 2.8164(6), Sn3-Sn5 2.8572(5), Sn4-Sn5 2.8535(4), Sn3-C1 2.200(3), Sn4-C13

2.192(3), Sn5-C25 2.205(3), Sn5-C37 2.200(3), Sn3#-Sn1-Snd 97.73(1), Sn3#-Sn2-5n4 100.51(1), Sn1-Sn3#-Sn2 72.06(1),
Sn1-Sn4-Sn2 72.32(1), Sn3-5n5-Sn4 97.40(1).

Figure 5.29 Compound SngDippg (56) viewed from the side. The rhomboid spanned by the metalloid tin atoms is highlighted
in violet.
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6 Conclusion and Outlook

Conclusively, diaryltin dihydrides have proven to be simple, but versatile building blocks for a variety
of structurally diverse molecular compounds. (Figure 6.1) Reaction of diphenyltin dihydride and
alkaline metals enclosed a surprisingly rich variety of anionic catena- and cyclic oligostannides. In
conversions of the same tin hydride species with the reducing agent LiAlIH,;, the formed bicyclic
system could be directed by altering the stoichiometric ratio of the starting materials. In course of
these reactions, phenyl group migration was observable. Anionic functionality of these compounds
provides the opportunity of further derivatisation and linking to give well-defined o-conjugated
materials. Investigated reactions of diaryltin dihydrides with more stabilised E(Il) amides (E = Ge, Sn)
like LAPPERT's stannylene and germylene resulted in the formation of appealing compounds, which
still feature hydride functionalities, via Sn—Sn bond formation. Application of the more basic and
more labile Sn(NEt,), led to the formation of a pentastanna[1.1.1]propellane as well as the metalloid

tin cluster SnypArg,

Arp Ar
Ary Sn Sn2
% \S o Ar Sn/\
S \S ArS | n\SnAr : |,Sn®
n:---Sn -
\ //Sn\ / 2 ArSn \SnArz
K/ AroSn~ © T SnAr, / Sn__ A
H ArZSn SnAr2 Ar2$n © SnAr2 S::]Z
! Arsr |
ArS/n—/SnAr2 r2 T Sn/Ar
Ar,Sn—SnAr AraSn~ \SnAr
| /-Sn__ /o2
H / ArZSn C) SnAr2
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ArSn<__| __=SnAr \
Ar,Sn lSn SnAr, y Ary Ar Ary A
N _snl__/ ArpSnH, — o_Sn__Sn__sSn__Sng
ArSn=___| =SnAr Sh Sn Sn Sn
Sn / \ Ar2 Ar2 AI"Z Ar2
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Figure 6.1 Structural variety accessed in the conversion of diaryltin dihydrides with alkaline metals, alkaline metal
derivatives and low valent tin and germanium amides.
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Therewith, it was shown that diarlytin dihydrides in the reaction with low valent group 14 amides
give access to non-cyclic, cyclic and oligocyclic molecular compounds, including structures featuring
non-classical bonding. In further investigations, fine tuning of applied reaction conditions regarding
solvent, temperature and stoichiometry will be of central interest. Additionally, altering the aryl
substituent on the tetravalent tin centre could enclose even more structural possibilities. Since this
approach was proven to be convenient route granting access to a wide variety of compounds, its
principle could also be extended to other main group as well as transition metal amides or even

alcoholates.
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7 Experimental Section
7.1 Materials and Methods

All manipulations involving air or moisture sensitive compounds were either performed under a
nitrogen atmosphere using standard Schlenk tube techniques or were carried out in a nitrogen
flushed Glovebox UNILAB supplied by M.Braun. The solvents bis(2-methoxyethyl)ether (dried over
Potassium) as well as acetonitrile (dried over phosphorus pentoxide) were distilled prior to use. All
other dried and deoxygenated solvents were obtained from an Innovative Technology solvent drying
system. These solvents were used without any further purification except for THF applied in various

Grignard reactions, which was additionally dried over LiAlH, and freshly distilled prior use.

SnCl, anhydrous (98% v/v) purchased from Alfa Aesar was distilled and stored under nitrogen.
Anhydrous SnCl, was obtained by dehydration of the corresponding dihydrate according to
literature.!”® For the conversions with organotin hydrides, purchased LiAlIH, was recrystallised from
Et,0. All other chemicals from commercial sources were used as purchased from chemical suppliers.
Elemental analysis was performed with an Elementar Vario MICRO cube. Melting point
measurements were carried out by threefold determination with a Buechi 535 or a Electrothermal

Mel-Temp instrument.
7.1.1 NMR Spectroscopy

'H (300.22 MHz), **C (75.5 MHz), *°Si (59.64 MHz) as well as **°Sn (111.92 MHz) NMR spectra were
recorded on a Varian Mercury 300 MHz spectrometer from Varian at 25°C if not otherwise stated.
Chemical shifts are given in ppm relative to TMS regarding *H, *C and *°Si and in case *°Sn relative to
Me,Sn. Spectra were referenced to solvent residual signals. Coupling constants ("J) are reported in

Hertz (Hz).
7.1.2 ATR-FTIR

All IR measurements were measured fast under ambient conditions on an ALPHA-P device from
Bruker in transmission modus. The letters s (strong), m (medium) and w (weak) are used to indicate

the intensity of the transmission bands.
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7.1.3 UV/VIS

All UV/VIS measurements were performed in quartz glass cuvettes with a thickness of 1 cm on a Cary
60 UV-VIS device from Agilent Technologies. If not otherwise stated, measurements were done in
absorption mode. Analysis of measured results was done with Spekwin32. Dry acetonitrile was used

as solvent in all cases. Absorption maxima are given in nm.
7.1.4 Mass Spectrometry

Mass spectrometry measurements were performed using a “Waters GCT Premier” system after
ionization with an El ionization source (E = 70 eV). The measured compounds were directly injected
as solution (DI) in THF. The reported values for a given species are denoted as mass to charge ratio,

accompanied by the corresponding calculated values.
7.1.5 Crystal Structure Determination

For single crystal X-ray diffractometry all suitable crystals were covered with a layer of silicone oil. A
single crystal was selected, mounted on a glass rod on a copper pin, and placed in the cold N, stream
provided by an Oxford Cryosystems cryometer (T=100 K, if not otherwise stated). XRD data collection
was performed on a Bruker APEX Il diffractometer with use of Mo Ka radiation (A= 0.71073 A) and a
CCD area detector. Empirical absorption corrections were applied using SADABS.'®% The
structures were solved with use of either direct methods or the Patterson option in SHELXS and
refined by the full-matrix least-squares procedures in SHELXL."*% The space group assignments
and structural solutions were evaluated using PLATON.M!® Non-hydrogen atoms were refined
anisotropically. Hydrogen atoms next to the heavy atom Sn were found on the difference Fourier
map, however it should be noted that a common problem exists with locating light atoms
(hydrogens) next to heavy atoms because of their poor scattering abilities. All other hydrogen atoms

were located in calculated positions corresponding to standard bond lengths and angles.
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7.2 Synthesis
7.2.1 Synthesis of Aryl bromides

Synthesis of MesBr (59)

To a mixture of 280 mL mesitylene (241 g, 2.0 mol, 1.0 eq) and the same volume of H,0 in 3-necked
round bottom flask 100 mL bromine (312 g, 1.95 mol, 0.97 eq) were added dropwise over a period of
180 min at 0°C. The resulting pale orange emulsion was stirred for 17 h at rt. The phases were then
separated and the organic phase was washed with saturated NaHCOj; solution (3x200 mL). The
combined organic layers were dried over Na,SO,, filtered and the solvent was removed under
reduced pressure to give a yellow liquid. The crude product was purified by vacuum distillation (90°C,
10 mbar).

Yield: 240.3 g (60%), colourless clear liquid. 'H NMR (300.22 MHz, CDCl5) & 6.91 (s, 2 H; H™), 2.40 (s,
6 H; 0-CHs), 2.26 (s, 3 H; p-CHs) ppm. *C NMR (75.5 MHz, CDCl;) §137.99 (C*), 136.36 (C*), 129.15
(™), 124.32 (C"), 23.83 (0-CHs), 20.79 (p-CHs) ppm.

Synthesis of TrippBr (60)"**"

At 0°C a solution of 20.5 mL bromine (64.0 g, 0.401 mol, 0.97 eq) in 50 mL CCl, was added slowly to a
suspension of 100 mL 1,3,5-triisopropybenzene (84.5 g, 0.413 mol, 1.0 eq) and 3.3 g iron powder in
50 mL CCl; in a 3-necked round bottom flask. After the reaction was stirred for 22 h incomplete
conversion was detected by 'H-NMR and additional 4 mL bromine (12.5g, 78.0 mmol, 0.19 eq) in
10 mL CCl, were added at 0°C. The reaction was stirred additional 20 h. After full conversion, the
reaction was cooled to 0°C and was quenched with NaOH solution (200 mL, prepared from 40 g
NaOH in 250 mL H,0 dest.). The phases were separated and the organic layer was washed with H,0
dest. (2x200 mL), then dried over Na,SO,, filtered and the solvent was removed under reduced
pressure. The redish brown liquid crude product was purified by vacuum distillation (130°C,
11 mbar).

Yield: 112.0 g (96%), colourless clear liquid. "H NMR (300.22 MHz, CDCl5) 6 7.01 (s, 2 H; HY), 3.51
(septet, *Jy =6.8 Hz, 2 H; 2xCH(CH;),), 2.89 (septet, *Jyy =6.8 Hz, 1 H; CH(CH),), 1.27 (d, *J = 6.8 Hz,
18 H; 6xCH3) ppm. *C NMR (75.5 MHz, CDCl5) & 147.95 (C"), 147.53 (C*), 123.74 (C*), 122.43 (C™),
34.20 (CH), 33.70 (CH), 24.18 (CHs), 23.26 (CHs) ppm.

Synthesis of DippBr (61)

In a 4 L 3-necked round bottom flask equipped with a reflux condenser and two 250 mL dropping
funnels a solution of 96 mL CHBr; (277.4 g, 1.10 mol, 1.1 eq) in 500 mL DME was heated up to 60°C.
Simultaneously 125 mL isobutyl nitrite (108.8 g, 1.05 mol, 1.05eq) in 125 mL DME and 188 mL
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2,6-diisopropylaniline (176.7 g, 1.0 mol, 1.0 eq) in 188 mL DME were added dropwise over a period of
2.5 h at 60°C. The solution turned brown and slight bubble formation was observed. After full
supplementation, the reaction was stirred for 6.5 h at 60°C. As incomplete conversion was detected
by 'H NMR, additional 70 mL isobutyl nitrite (60.9 g, 0.59 mol, 0.6 eq) in 50 mL DME were added and
stirred additionally for 15 h at 50°C. Subsequent the reaction was heated to 100°C for 2 h. After full
conversion was detected by ‘*H NMR, solvent was removed under reduced pressure to give a redish
brown liquid. The crude product was purified by vacuum distillation. (94°C, 5 mbar)

Yield: 126.5 g (53%), slightly yellow liquid. "H NMR (300.22 MHz, CDCl;) §, 7.39-7.33 (m , 1 H; H"),
7.25 (d, *Jun = 7.9 Hz, 2 H; 2xH"), 3.64 (septet, *Jyy = 6.9 Hz, 2 H; 2xCH), 1.37 (d, *J (H,H) = 6.9 Hz,
12 H; 4xCHs;) ppm. *C NMR (75.5 MHz, CDCl;) 6 147.89 (C"), 127.49 (C*), 126.68 (C*), 124.28 (C"),
33.72 (CH), 23.20 (CHs) ppm.

Synthesis of DepBr (62)

A similar procedure as for DippBr (61) was applied for the synthesis of 2-bromo-1,3-diethylbenzene.
Over a period of 6 h, 164.7 mL 2,6-diethylaniline (149.24 g, 1.00 mol, 1.0 eq) in 85 mL DME and
130 mL isobutyl nitrite (113.4 g, 1.10 mol, 1.1 eq) in 120 mL DME were added simultaneously via a
dropping funnel to a solution of 96 mL bromoform (277.4 g, 1.10 mol, 1.1 eq) in 500 mL DME heated
up to 60°C. After full supplementation, the reaction was stirred at rt for 16 h. As incomplete
conversion was detected by 'H NMR, the brown reaction solution was again heated to 60°C and
additional 24 mL isobutyl nitrite (20.88 g, 20.2 mmol, 0.2 eq) diluted in 50 mL DME were added. After
additional 16 h at room temperature, the solvent was removed under reduced pressure and the
brown liquid was purified by vacuum distillation (70°C, 2 mbar).

Yield: 110.0 g (52%), yellow liquid. *H NMR (300.22 MHz, CDCl;) § 7.23-7.09 (m, 1 H; H*), 7.10 (d, *Jyn
= 7.5 Hz, 2 H; 2xH™), 2.83 (q, *Jyn = 7.5, 4 H; 2xCH,), 1.27 (t, *Jyu = 7.5 Hz, 6 H; 2xCH;) ppm. *C NMR
(75.5 MHz, CDCl3) & 143.95 (C™), 127.26 (C"), 127.05 (C"), 126.54 (C*), 30.36 (CH,), 14.45 (CHs) ppm.

7.2.2 Synthesis of Ar,SnCl,

Synthesis of Ph,SnCl, (21) *

In a Schlenk flask 44.3 g PhsSnCl (114.9 mmol, 2.0 eq) and 6.7 mL tin (IV) chloride (14.94 g,
57.3 mmol, 1.0 eq) were mixed neat. After a brownish liquid was formed, the reaction was slowly
heated to 110°C for 3 h. Conversion was monitored by NMR in CDCl; and if necessary additional tin
(IV) chloride or triphenyltin chloride was added. After cooling down to rt, the formed solid was
extracted with 150 mL n-heptane and the remaining light grey solid was separated from the
colourless clear solution by filtration. The filtrate was concentrated and cooled to -30°C to give a

colourless solid, which was isolated through suction.
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Yield: 54.38 g (92%) m.p.=® 39-41°C (m.p." 42-44°C ™). 'H NMR (300.22 MHz, CDCl;) § 7.70-7.73 (m,
4 H; 4xH™), 7.54-7.56 (m, 6 H; 6xH") ppm. *C NMR (75.5 MHz, CDCl) § 137.10 (C"), 135.22 (Jcsn=
62.8 Hz; C*'), 131.99 (C"), 129.87 (*Jcs,= 85.3 Hz; C*') ppm. ™°Sn NMR (111.92 MHz, CDCl5) 6 -27.20

ppm.

Synthesis of Mes,SnCl, (22)

In a 3-necked round bottom flask 4.25 mL SnCl, (9.48 g, 9.48 mmol, 1.0 eq) dissolved in 200 mL
toluene were cooled to -50°C. Dropwise a Grignard solution, prepared from 15.95g MesBr
(80.1 mmol, 2.2 eq) and 2.16 g Mg turnings (88.8 mmol, 2.44 eq) in 100 mL dry THF, was added
slowly at -50°C. After full supplementation, the yellowish suspension was allowed to warm up to rt
overnight. Afterwards the reaction was refluxed for 2 h. Solvent was removed under reduced
pressure to give an off-white solid. *°Sn NMR of the crude product in CDCl; revealed the 3 species
Mes,SnCl;, (-51.08 ppm), Mes,SnCIBr (-96.17 ppm) and Mes,SnBr, (-146.22 ppm). For workup the off-
white solid was dissolved in 200 mL DCM and 50 mL THF. 200 mL aqueous HCI (1.0 M) were added
and the two phase mixture was stirred for 1 h. This procedure was repeated a second time. The
combined aqueous layers were reextracted with DCM (2x100 mL) Combined organic layers were
washed with brine (1x200 mL), dried over Na,SO, and filtered. The solvent was removed under
reduced pressure to give an off-solid. The crude product was purified by recrystallization from
DCM/n-heptane.

Yield: 4.01 g (26 %), colourless solid. m.p.*® 181-183°C (m.p.™ 185°C ™). 'H NMR (300.22 MHz,
CDCls) & 6.93 (s, 4 H; 4xH™), 2.55 (s, 12 H; 4x0-CHs), 2.30 (s, 6 H; 2xp-CH;) ppm. *C NMR (75.5 MHz,
CDCl5) 6 143.69 (C"), 141.54 (C*), 139.28 (C*), 129.70 (C"), 24.86 (CH5), 21.26 (CH3) ppm. *°Sn NMR
(111.92 MHz, CDCl;) & -50.91 ppm.

Synthesis of Tripp,SnCl, (23)

In a 3-necked round bottom flask 4.25 mL SnCl, (9.48 g, 9.48 mmol, 1.0 eq) dissolved in 150 mL
n-heptane were cooled to -50°C. Dropwise a Grignard solution, prepared from 22.68 g TrippBr
(80.1 mmol, 2.2 eq) and 2.16 g Mg turnings (88.8 mmol, 2.44 eq) in 100 mL dry THF, was added
slowly at -50°C. After full supplementation, the colourless suspension was allowed to warm up to rt
overnight. Afterwards the reaction was refluxed 3 h. Solvent was removed under reduced pressure to
give an off-white solid. ***Sn NMR of the crude product in CDCl; revealed the 3 species Tripp,SnCl,
(-65.62 ppm), Tripp,SnCIBr (-115.64 ppm) and Tripp,SnBr, (-170.87 ppm). For workup the off-white
solid was dissolved in 200 mL DCM and 40 mL THF. 200 mL aqueous HCI (1.0 M) were added and the
two phase mixture was stirred for 1 h. This procedure was repeated a second time. The combined

aqueous layers were reextracted with DCM (2x100 mL) Combined organic layers were washed with
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brine (1x200 mL), dried over Na,SO, and filtered. The solvent was removed under reduced pressure
to give a colourless solid. Crystals suitable for X-Ray crystallography were obtained by
recrystallisation from n-pentane.

Yield: 19.30 g (90%), colourless solid. m.p.** 142-144 °C. *H NMR (300.22 MHz, CDCls) & 7.05 (s, “Jysn
= 38.0 Hz, 4 H; 4xH"), 3.27 (qu, )4, =6.7 Hz, 4 H; 4xCH), 2.88 (qu, *Jyu = 7.0 Hz, 2 H; 2xCH), 1.43 —
0.99 (m, 36 H; 12xCH;) ppm. *C NMR (75.5 MHz, CDCl;) & 154.19 (*Jcs, = 66.0 Hz; C*), 152.33 (C"),
139.99 (C*), 123.00 (*Jcs, = 77.6 Hz; C), 37.46 (*csn = 49.7 Hz; CH), 34.42 (CH), 24.91 (CHs), 23.96
(CHs) ppm. ™°Sn NMR (111.92 MHz, CDCl;) & -64.76 ppm.

Synthesis of Dipp,SnCl, (24)

In a 3-necked round bottom flask 4.25 mL SnCl, (9.48 g, 9.48 mmol, 1.0 eq) dissolved in 150 mL
n-heptane were cooled to -50°C. Dropwise a Grignard solution, prepared from 19.32 g DippBr
(80.1 mol, 2.2 eq) and 2.16 g Mg turnings (88.8 mmol, 2.44 eq) in 100 mL dry THF, was added slowly
at -50°C. After full supplementation, the brownish suspension was allowed to warm up to rt
overnight. Afterwards the reaction was refluxed for 3 h. Solvent was removed under reduced
pressure to give a brownish solid. **Sn NMR of the crude product in CDCl; revealed the 3 species
Dipp,SnCl, (-70.06 ppm), Dipp,SnCIBr (-120.35 ppm) and Dipp,SnBr, (-175.75 ppm). For workup the
brownish solid was dissolved in 200 mL DCM and 40 mL THF. 200 mL aqueous HCI (1.0 M) were
added and the two phase mixture was stirred for 1 h. This procedure was repeated a second time.
The combined aqueous layers were reextracted with DCM (2x100 mL). Combined organic layers were
washed with brine (1x200 mL), dried over Na,SO, and filtered. The solvent was removed under
reduced pressure to give a brownish solid. The crude product was purified by recrystallisation from a
mixture of n-heptane. Crystals suitable for X-Ray crystallography were obtained by recrystallisation
from n-pentane.

Yield: 5.78 g (31%), colourless solid. m.p.”® 196-198°C. 'H NMR (300.22 MHz, CDCl3) § 7.42 (t, *Jyp =
7.6 Hz, 2 H; 2xH™), 7.23 (d, *Ju = 7.6 Hz, 4 H; 4xH™), 3.29 (qu, *Jyn = 6.7 Hz, 4 H; 4xCH), 1.21 (d, *Jypn =
6.7 Hz, 24 H; 8xCHs) ppm. *C NMR (75.5 MHz, CDCl5) § 154.19 (C™), 142.71 (C*), 131.66 (C"), 124.89
(*lesn = 74.8 Hz; C), 37.58 (*Jcsn = 51.0 Hz; CH), 24.81 (CH3) ppm. "°Sn NMR (111.92 MHz, CDCl;) 6 -
70.07 ppm.

Synthesis of Dep,SnCl, (25)

In a 3-necked round bottom flask 4.25 mL SnCl, (9.48 g, 9.48 mmol, 1.0 eq) dissolved in 150 mL
n-heptane were cooled to -50°C. Dropwise a Grignard solution, prepared from 17.07 g DepBr
(80.1 mmol, 2.2 eq) and 2.16 g Mg turnings (88.8 mmol, 2.44 eq) in 100 mL dry THF, was added

slowly at -50°C. After full supplementation, the brownish suspension was allowed to warm up to rt
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overnight. Afterwards the reaction was refluxed for 3 h. Solvent was removed under reduced
pressure to give a brownish solid. **Sn NMR of the crude product in CDCl; revealed the 3 species
Dep,SnCl, (-65.38 ppm), Dep,SnCIBr (-112.81 ppm) and Dep,SnBr, (-164.90 ppm). For workup the
brownish solid was dissolved in 200 mL DCM and 40 mL THF. 200 mL aqueous HCI (1.0 M) were
added and the 2 phase mixture was stirred 1 h. This procedure was repeated a second time. The
combined aqueous layers were reextracted with DCM (2x100 mL). The combined organic layers were
washed with brine (1x200 mL), dried over Na,SO, and filtered. The solvent was removed under
reduced pressure to give a brownish solid. The crude product was purified by recrystallisation from a
mixture of n-heptane. Crystals suitable for single crystal X-Ray diffractometry were obtained by
recrystallisation from n-pentane.

Yield: 10.88 g (66%), colourless solid. m.p.®® 69-70°C (m.p." 67.5-68.5°C *°?).'H NMR (300.22 MHz,
CDCl;) 6 7.38 (t, *Jyu = 7.5 Hz, 2 H; 2xH™), 7.18 (d, *Jyu = 7.5 Hz, 4 H; 4xH™), 2.91 (q, *Jypn = 7.2 Hz, 8 H;
2xCH,), 1.23 (t, *Jun = 7.2 Hz, 12 H; 4xCH;) ppm. °C NMR (75.5 MHz, CDCl3) & 149.90 (CV), 142.73
(C*), 131.54 (C*), 127.47 (*Jcsn = 74.5 Hz; CV), 31.70 (*Jcsn = 48.8 Hz; CH,), 16.77 (CH3) ppm. *°Sn
NMR (111.92 MHz, CDCl;) 6 -65.36 ppm.

7.2.3 Synthesis of Ar,SnH,

In a 250 mL round-bottom Schlenk flask LiAlH, was suspended in Et,0 and cooled down to 0°C. At 0°C
diaryltin dichloride was added in portions. After the reaction was stirred for 1 h at 0°C, it was poured
slowly onto degassed H,SO, (0.5 M) via a canula, which was also cooled to 0°C. The phases were
separated, the organic layer was washed with degassed, saturated Potassium tartrate solution, dried

over Na,SO, and filtered. The solvent was removed to give a colourless to brownish oil or solid.

Synthesis of Ph,SnH, (26)

1.80 g LiAlH, (47.3 mmol, 0.82 eq) in 200 mL Et,0, 20.00 g Ph,SnCl, (58.2 mmol, 1.0 eq), turned
brownish, 75 mL degassed H,50, (0.5 M) for quenching, 2x 150 mL degassed saturated Potassium
tartrate solution. The resulting colourless oil was used without further purification.

Yield: 13.51 g (84%), colourless oil. "H NMR (300.22 MHz, C¢Dg) 8 7.37 (s, *Jysn = 54.6 Hz, 4 H; 4x HY),
7.08-7.07 (m, 6 H; 6xH") 6.05 (s, "y 11050 = 1926.7 Hz, Jyy 1175, = 1840.4 Hz, 2 H, SnH,) ppm. *C NMR
(75.5 MHz, C¢Dg) 6 137.87 (*Jcsn = 40.5 Hz, C*), 135.54 (C*'), 129.26 (C™), 128.95 (C*") ppm. °Sn NMR
(111.92 MHz, C¢Dg) 6 -234.08 (“Jsp 4 = 1927 Hz) ppm.
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Synthesis of Mes,SnH, (27)

0.37 g LiAlH,4 (0.95 mmol, 0.81 eq) in 150 mL Et,0, 5.00 g Mes,SnCl, (11.7 mmol, 1.0 eq), turned grey,
35 mL degassed H,SO, (0.5 M) for quenching, 2x 75 mL degassed saturated Potassium tartrate
solution. The resulting colourless solid was used without further purification.

Yield: 2.26 g (54%), colourless solid. m.p.®® 140-143°C (m.p." 133-135°C ¥*!). 'H NMR (300.22 MHz,
CeDe) 6 6.75 (s, “Jusn = 18.28 Hz, 4 H; 4xH™), 5.94 (s, ")y 11050 = 1846 Hz, Jyy 11750 = 1765 Hz, 2 H; SnH,),
2.36 (s, 12 H; 4x0-CH;) 2.11 (s, 6 H; 2xp-CH;) ppm. >C NMR (75.5 MHz, CsD¢) & 144.87 (C*), 138.67
("), 135.13 (C"), 129.16 (C*), 25.99 (*Jcsn = 43.6 Hz, 0-CHs), 21.0 (p-CHs) ppm. °Sn NMR
(111.92 MHz, C¢Dg) 6 -352.82 (‘s = 1846 Hz) ppm. ATR-FTIR 1862 (s; v SnH) cm™.

Synthesis of Tripp,SnH, (28)

0.98 g LiAlIH, (25.8 mmol, 0.86 eq) in 125 mL Et,0, 18.00 g Tripp,SnCl, (30.2 mmol, 1.0 eq), turned
brownish, 50 mL degassed H,S0, (0.5 M) for quenching, 2x 150 mL degassed saturated Potassium
tartrate solution. The resulting brownish solid was purified by recrystallisation from n-pentane.
Crystals suitable for single crystal X-Ray diffraction were also obtained by recrystallisation from
n-pentane.

Yield: 7.15 g (45%), colourless solid. m.p.: 55-57°C. *H NMR (300.22 MHz, C¢D¢) & 7.14 (s, 4 H; 4xH™),
6.23 (s, Jn1105n = 1820 Hz, Y1175, = 1737 Hz, 2 H; SnH,), 3.40-3.29 (m, 4 H; 4xCH), 2.78 (qu, *Jun =
7.0 Hz, 2 H; 2xCH), 1.22 (t, *Jy 4 = 6.5 Hz, 36 H; 12xCH3) ppm. *C NMR (75.5 MHz, C¢Ds) 6 155.72 (C*),
150.39 (C"), 135.94 (C"), 121.62 (Jcsn = 45.6 Hz; CA'), 38.22 (CH), 34.72 (CH), 24.77 (CHs), 24.24 (CHs)
ppm. 1°Sn NMR (111.92 MHz, C¢Dg) & -352.29 (*Js, 1 = 1820 Hz) ppm. ATR-FTIR 1860 (s; v, SnH) cm™.

Synthesis of Dipp,SnH, (29)

1.20 g LiAlH4 (31.6 mmol, 0.81 eq) in 150 mL Et,0, 20.00 g Dipp,SnCl, (39.1 mmol, 1.0 eq), turned
brownish, 60 mL degassed H,S0, (0.5 M) for quenching, 2x 150 mL degassed saturated Potassium
tartrate solution. The resulting off-white oil solidified after cooling to -30°C. Crystals suitable for
single crystal X-Ray diffraction were obtained by recrystallisation from n-pentane.

Yield: 14.15 g (82%), off-white solid. m.p.: 41-43°C. Anal. Calcd. for Cy4H3¢Sn: C, 65.03; H, 8.19. Found:
C, 64.73; H, 7.73. *H NMR (300.22 MHz, C¢Dg) & 7.26-7.21 (m, 2 H; 2xH"), 7.15-7.05 (m, 4 H; 4xH™),
6.22 (s, Jn,1105n = 1835 Hz, J,; 11750 = 1753 Hz, 2 H; SnH,), 3.27 (septett, 3JH,H =6.7 Hz, 4 H; 4xCH), 1.15 (d,
Jun = 6.7 Hz, 24 H; 8xCHs) ppm. °C NMR (75.5 MHz, C¢D¢) 6 155.56 (C*), 138.77 (C"'), 130.09 (C*),
123.51 (*Jes, = 44.0 Hz; CY), 38.27 (*Jcsn = 41.0 Hz; CH), 24.65 (CH;) ppm. ™°Sn NMR (111.92 MHz,
CeDs) & -355.41 (Jsp i = 1835 Hz) ppm. MS (DI-El): calcd for [M*]: 443.1765; found: 443.1792. ATR-FTIR

1852 (s; v SnH) cm™.
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Synthesis of Dep,SnH, (30)

0.81 g LiAlH; (21.1 mmol, 0.81 eq) in 100 mL Et,0, 12.00 g Dep,SnCl, (26.3 mmol, 1.0 eq), turned
brownish, 40 mL degassed H,SO, (0.5 M) for quenching, 2x 100 mL degassed saturated Potassium
tartrate solution. Crystals suitable for single crystal X-Ray diffraction were obtained by
recrystallisation from n-pentane.

Yield: 4.12 g (40%), colourless solid at -30°C. m.p.: about rt. Anal. Calcd. for CyH,sSn: C, 62.05; H,
7.29. Found: C, 61.62; H, 7.10. "H NMR (300.22 MHz, C¢Dg) 6 7.11 (t, *Jy = 7.4 Hz, 2 H; 2xH™), 6.94 (d,
Jun = 7.7 Hz, 4 H; 4xH™Y), 6.03 (s, Jy 11050 = 1844 Hz, Jy 11750 = 1763 Hz, 2 H; SnH,), 2.70 (q, *Jypn = 7.3 Hz,
8 H; 4xCH,), 1.06 (t, *Jyu = 7.3 Hz, 12 H; 4xCH;) ppm. *C NMR (75.5 MHz, C¢Dg) 6 151.41 (*Jcsn =
32.1 Hz; CY), 138.27 (C™), 129.81 (C"), 126.15 (*Jcsn = 43.7 Hz; CY), 33.26 (*Jcsn = 40.2 Hz; CH,), 16.76
(CH3) ppm. *°Sn NMR (111.92 MHz, C¢Dg) & -352.20 (‘s = 1844 Hz) ppm. MS (DI-El): calcd for [M']:
387.1138; found: 387.1162. ATR-FTIR 1846 (s; v, SnH) cm™.

7.2.4 Synthesis of Sn(ll) and Ge(ll) amides

Synthesis of Sn(N(SiMes),), (63) ***!

In a Schlenk flask 1.89 g SnCl, (10.0 mmol, 1.0 eq) and 3.34 g Lithium bis(trimethylsilyl)amide (95%,
20.0 mmol, 2.0 eq) were dissolved in 100 mL THF at 0°C. The yellow suspension was stirred for 1 h at
0°C and was then allowed to warm up to rt. After 20 h the solvent was removed under reduced
pressure, the remaining solid was extracted with n-pentane and filtered. Again, the solvent was
removed under reduced pressure to give an orange oil.

Yield: 2.59 g (59%), orange oil. "H NMR (300.22 MHz, CsD¢) & 0.29 (s, 36 H; 12xCH3) ppm. *°Sn NMR
(111.92 MHz, CsD¢) 6 84.35 ppm. *’Si DEPT NMR (59.64 MHz, CsD¢) & -2.26 ppm.

Synthesis of Ge(N(SiMe3),), (64)!**"

In a Schlenk  flask  3.10g  GeCl,-Dioxane (13.4 mmol, 1.0 eq) and 4.71g
Lithium bis (trimethylsilyl)amide (95%, 26.8 mmol, 2.0 eq) were dissolved in 100 mL Et,0 at 0°C. The
yellow suspension was stirred for 4 h at 0°C and was then allowed to warm up to rt. After 3 h at rt
the solvent was removed under reduced pressure. The yellowish solid was extracted with 100 mL n-
pentane and filtered. The solvent was again removed under reduced pressure to give a yellow solid.
Yield: 3.48 g (66%), yellow solid. m.p.® 33-34°C (m.p." 32-33°C ™). 'H NMR (300.22 MHz, C¢D¢) &
0.31 (s, 36 H; 12xCHs) ppm. *C (75.5 MHz, C¢Dg) 6 5.40 (‘Jcs = 55.6 Hz; CHs) ppm. *’Si DEPT NMR
(59.64 MHz, CsDg) 6 0.94 ppm.
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Synthesis of Sn(NEt,), (65)

In a Schlenk tube 3.56 g anhydrous SnCl, (18.8 mmol, 1.0 eq) and 3.06 g Lithium diethylamide (97%,
37.5 mmol, 2.0 eq) were dissolved in 100 mL Et,0 at -20°C. The brown suspension was stirred for 2 h
at -20°C and was then allowed to warm up to rt. After 22 h the solvent was removed under reduced
pressure, the remaining brownish grey solid was extracted with 100 mL n-pentane and filtered. The
solvent was removed under reduced pressure to give brown oil.

Yield: 3.68g (75%), brown oil. 'H NMR (300.22 MHz, C¢Dg) & 3.52 (q, *Juy = 6.9Hz, 8H;
4xterm-NCH,CHs), 3.37 — 3.01 (m, 8 H; 4xu,-NCH,), 1.20 (t, *Jyn = 6.9 Hz, 12 H; 4xCH3), 0.99 (t, )y =
7.1 Hz, 12 H; 4xCH3) ppm. *C (75.5 MHz, CcD¢) 6 44.71 (CH,) , 42.84 (CH,), 17.41 (CHs), 11.92 (CH;)
ppm. "°Sn NMR (111.92 MHz, C¢D¢) 6 103.82 ppm.

7.2.5 Synthesis of R3SiCl

Synthesis of (Me;Si);SiCl (66) ¢!

To a suspension of 75 g Tetrakis(trimethylsilyl)silane (0.234 mol, 1.0 eq) in 150 mL DME, 24.4¢g
Potassium t-butoxide (0.238 mol, 1.02 eq) were added in portions. The reaction turned redish orange
and then brown. Full conversion was monitored by *’Si DEPT NMR and if necessary additional
Potassium t-butoxide was added. After full conversion was detected, the reaction solution was
poured slowly into 400 mL degassed aqueous H,SO, (1.0 M) and 250 mL Et,0O via a canula. The
aqueous layer was reextracted with Et,0 (1x250 mL). The combined organic layers were washed with
Brine (1x250 mL), dried over Na,SQ,, filtered and the solvent was removed under reduced pressure.
The yellow crude oil was then in portions added to 250 mL degassed CCl, (dried over Na,SO,) in a 3-
necked round bottom flask equipped with a reflux condenser. The reaction heated automatically and
cooled down after 3 h. The solvent was then removed under reduced pressure after all in all 15 h.
The crude product was purified by recondensation.

Yield: 52.54 g (79%), colourless oily soild. 'H NMR (300.22 MHz, CD5CN) & 0.26 (s, 27 H; 9xCH) ppm.
BC (75.5 MHz, CDCl;) 6 0.52 ppm. *°Si DEPT NMR (59.64 MHz, CD5CN) & -11.57 ppm.

Synthesis of iPr;SiCl (67)

In a 3-necked round bottom flask 40 mL triisopropylsilane (30.92 g, 195 mmol) were dissolved in
125 mL degassed CCl, (dried over Na,SO,) and a catalytic amount of PtCl, was added. The reaction
was heated to reflux and turned black after 1.5 h. As full conversion was detected by >C NMR after
12 h the reaction suspension was filtered to remove the black catalyst and solvent was removed
under reduced pressure. The crude product was purified by vacuum distillation (61°C, 5 mbar).

Yield: 28.23 g (75%), colourless clear liquid. *H NMR (300.22 MHz, CDCl;) § 1.24 —1.09 (m, 21 H) ppm.

3¢ (75.5 MHz, CDCls) 6 17.63 (CH), 13.65 (CHs) ppm. 2°Si DEPT NMR (59.64 MHz, CDCls) & 35.74 ppm.
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7.2.6 Synthesis of Anionic Chains and Rings

7.2.6.1 Reactions of Ph,SnH, with Alkaline metals

Synthesis of [Sn;Phg][M(DME);], (M = K (31a), Rb (31b), Cs (31c))

24 mg K (0.61 mmol, 0.6 eq) were added to 275 mg Ph,SnH, (1.00 mmol, 1.0 eq) dissolved in 10 mL
DME. Evolution of hydrogen was observed and the reaction turned yellow, then orange and finally
red. After 3 h no bubble formation was noticed anymore and after 2 days the product crystallised as
orange suitable for X-Ray crystallography. A similar procedure for the corresponding Rubidium
(51 mg Rb) and Caesium (80 mg Cs) compound was applied.

Yield: orange crystals. ***Sn NMR (111.92 MHz, CDsCN) & -94 (broad), -175 (broad) ppm. UV-VIS
(CH5CN) A 408 nm.

Synthesis of [SngPh,,][M(Dyglme);], (M = K (33a), Rb (33b), Cs (33c))

19 mg K (0.49 mmol, 0.5 eq) were added to 275 mg Ph,SnH, (1.00 mmol, 1.0 eq) dissolved in 10 mL
diglyme. Evolution of hydrogen was observed and the reaction turned yellow, then orange and finally
red. After 3 h no bubble formation was noticed anymore and after 2 days the product crystallised as
dichroic, green and red, crystals. These turned out to be suitable for single crystal X-Ray diffraction. A
similar procedure for the corresponding Rubidium (41 mg Rb) and Caesium (64 mg Cs) compound
was applied.

Yield: 79 mg (19%), dichroic, green and red crystals. 19y NMR (111.92 MHz, CDsCN) 6-92
(broad), -178 (broad), -198 (broad) ppm. UV-VIS (CH;CN) A 390, 446 nm.

Synthesis of [SngPh,¢][Na(Diglyme),], (32)

10 mg Na (0.43 mmol, 0.4 eq) were added to 275 mg Ph,SnH, (1.00 mmol, 1.0 eq) dissolved in 10 mL
diglyme. Formation of hydrogen was observed and the reaction turned first orange and then red.
After 3 h no bubble formation was noticed anymore and after 3 days the product was yielded as
black, shiny crystals, which were suitable for X-Ray crystallography.

Yield: 343 mg (91%), black, green shiny crystals. m.p.: decomposition from 250°C. Anal. Calcd. for
Ci32H16sNa,0155ng: C, 52.25; H, 5.45. Found: C, 51.68; H, 6.12. ***Sn NMR (111.92 MHz, CD;CN) & -93
(broad), -177 (broad), -178 (broad, 2x) ppm. UV-VIS (CH3;CN) A 380, 480, 571 nm.

Synthesis of [M(crown)];[SngPhy] (M=K (34a), Rb (34b), Cs (34c)) and synthesis of
[M(crown)][Sn,sPh,] (M = K (35a), Rb (35b), Cs (35c))

30 mg K (0.77 mmol, 0.8 eq) were added to a solution of 275 mg Ph,SnH, (1.00 mmol, 1.0 eq),
352 mg 18-crown-6 (1.33 mmol, 1.3 eq) in 10 mL benzene. Sparse evolution of hydrogen was

observed and the reaction turned slowly orange. The products were isolated as orange-yellow
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crystals, which turned out to be suitable for X-Ray crystallography. A similar procedure for the
corresponding Rubidium (68 mg, 576 mg dibenzo-18-crown-6) and Caesium (106 mg Cs, 423 mg
18-crown-6) compound was applied.

Analytical data for [SngPhio]” (34): orange-yellow crystals. *°Sn NMR (111.92 MHz, C¢D¢) 6 & -140
(broad, 4xSn), -190 (broad, 2xSn) ppm. UV-VIS (CH;CN) A 417 nm.

Analytical data for [SnsPhs] (34):'°Sn NMR (111.92 MHz, CD3CN) & -196 (*Jsn117 = 1590 Hz, YJsn117 =
1665 Hz), -1073 (Ysn 117 = 1590 Hz, Y5, 117 = 1665 Hz) ppm. UV-VIS (CH5CN) A 405 nm.

7.2.6.2 Reactions of Ph,SnH, with Lithium Amides

Synthesis of [SngPh,][Li(THF),4], (34d)
8 mg Et,;NLi were added to 28 mg Ph,SnH, dissolved in 2 mL THF and while adding the reaction
turned orange. The product was isolated as red crystals suitable for X-Ray crystallographyfrom the

orange reaction solution.

7.2.6.3 Derivatisation of Anionic Structures

Reaction of [Sn¢Ph,,][Na(DME);], and (Me;Si);SiCl

28 mg (Me;Si)sSiCl in 3 mL acetonitrile was added dropwise to 106 mg of [SngPhi,][Na(DME);], in
8 mL at -30°C. The red solution changes its colour to yellow and after a while a yellow solid
precipitates. The reaction was kept at -30°C for 12 h. Only the cyclic SngPh, was isolated from the

yellow precipitate as well as the supernatant solution.

7.2.7 Synthesis of Anionic Cages

7.2.7.1 Reactions of Ph,SnH, with LiAIH,

Synthesis of [bicylco[2.2.1]Sn;Ph,,][Li(12cr4),], (44)

275 mg Ph,SnH, (1.00 mmol, 3.5 eq) were slowly added to a solution of 10.9 mg LiAlH, (0.29 mmol,
1.0 eq) and 102 mg 12-crown-4 (0.58 mmol, 2.0 eq) in 10 mL THF. The solution turns slowly yellow
and a slight evolution of hydrogen is observed. After a few hours the reaction turned orange.
Occurring insoluble solids were removed via centrifugation. The product was isolated as orange
crystals after cooling the solution to -30°C suitable for X-Ray crystallography.

Yield: orange crystals. ">Sn NMR (111.92 MHz, CD5CN) & 200.28 (Jsy117/11050 = 4426/4636 Hz, *Jssn =
54 Hz; Sn-Ph,Sn-Sn’), 35.64 (Ysnii7110n = 5710/5990 Hz, Ysni17sn = 3939 Hz, Jsn117/1108n =
1082/1134 Hz, “Jsn117sn = 735Hz, “Jsnsn = 54 Hz, *Jsnsn = 26 Hz; Sn-Ph,Sn-Ph,Sn-Sn’), -857.73
(Uonp17110sn = 5710/5990 Hz,  Uspiizpmosn = 4426/4636 Hz,  sp117110n =  1082/1134;
Sn"-Ph,Sn-Ph,Sn-5n) ppm.
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Synthesis of [bicylco[2.2.2]SngPh;,][Li(12cr4),], (45)

275 mg Ph,SnH, (1.00 mmol, 4.0 eq) were slowly added to a solution of 9.5 mg LiAlH, (0.25 mmol,
1.0 eq) and 88.1 mg 12-crown-4 (0.50 mmol, 2.0 eq) in 10 mL THF. The solution turns slowly yellow
and a slight evolution of hydrogen is observed. After a few hours the reaction turned light orange.
Occurring insoluble solids were removed via centrifugation. The product was isolated as red crystals
after cooling the solution to -30°C, which turned out to be suitable for single crystal X-Ray diffraction.
Yield: red crystals. **Sn NMR (111.92 MHz, C¢Dg) & -316.81 (‘Jsn117sn = 5020 Hz, ‘Jsy 1175, = 3610 Hz,
2Jsn117/1105n = 770/807 Hz, *Js, 11750 = 240 Hz, *Jsn 1175, = 17 Hz; Sn™-Ph,Sn-Ph,Sn-Sn’), -286.97 (*Jsn117sn =
5020 Hz, *Jsn 11711950 = 770/807; Sn'-Ph,Sn-Ph,Sn-Sn’) ppm.

Synthesis of [bicyclo[2.2.2]SngPh,;][Li(12cr4),] (46)

275 mg Ph,SnH, (1.00 mmol, 8.0 eq) were slowly added to a solution of 4.8 mg LiAlH, (0.13 mmol,
1.0 eq) and 48 mg 12-crown-4 (0.27 mmol, 2.1 eq) in 10 mL THF. The solution turns slowly yellow and
a slight evolution of hydrogen is observed. After a few hours the reaction turned orange. Occurring
insoluble solids were removed via centrifugation. The product was isolated as orange crystals after
cooling the solution to -30°C, which are suitable for X-Ray crystallography.

Yield: yellow crystals. "'°Sn NMR (111.92 MHz, CD;CN) & -183.18 (‘Jsysn = 708 Hz, *Jsnsn = 548 Hz;
Sn-Ph,Sn-Ph,Sn-SnPh), -238.75 (Jsn117sn = 2274 Hz, Yspiizpmesn = 1020/1170 Hz, Ysya17110sn =
916/957 Hz, *Jsnsn = 131 Hz; Sn-Ph,Sn-Ph,Sn-SnPh), -471.10 (Ysnsn = 1170 Hz, *Jsnsn = 548 Hz, *Jspsn =
170 Hz;  Sn’-Ph,Sn-Ph,Sn-SnPh), -758.24 (1J5n,117/1195n = 6126/6422 Hz, 3J5n,5n = 170 Hz
Sn"-Ph,Sn-Ph,Sn-SnPh) ppm.

Synthesis of [Ph;AIH][Li(12cr4)(DME)] (47)

275 mg Ph,SnH, (1.00 mmol, 0.75 eq) were slowly added to a solution of 50.6 mg LiAlIH, (1.33 mmol,
1.0 eq) and 470 mg 12-crown-4 (2.67 mmol, 2.0 eq) in 10 mL DME. Evolution of hydrogen and the
slow formation of elemental tin were observed. After some days the elemental tin was removed via
filtration from the colourless solution. The product crystallised from the solution as colourless

crystals, which turned out be suitable for X-Ray crystallography.

Synthesis of [PhAIH;][Li(12cr4),] (48)

275 mg Ph,SnH, (1.00 mmol, 2.0 eq) were slowly added to a solution of 19.0 mg LiAlH, (0.50 mmol,
1.0 eq) and 176 mg 12-crown-4 (1.00 mmol, 2.0 eq) in 10 mL DME. Evolution of hydrogen and the
slow formation of elemental tin were observed. After some days the elemental tin was removed via
filtration The product was isolated as colourless crystals from the colourless reaction, which were

suitable for X-Ray crystallography.
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7.2.7.2 Reactions of Ph,SnH, with Benzyl Sodium and Benzyl Potassium

Synthesis of [bicylco[2.2.1]Sn,;Ph,][M(crown),], (M = Na (44a), K (44b))

To a solution of 275 mg Ph,SnH, (1.0 mmol, 1.0 eq) and 110 mg 15-crown-5 (0.50 mmol, 0.5 eq) in
10 mL DME 57 mg Benzyl Sodium (0.50 mmol, 0.5 eq) were added slowly at -30°C. The solution turns
slowly yellow and a slight evolution of hydrogen is observed. Occurring insoluble solids were
removed via centrifugation. The product was isolated as orange crystals, which turned out be
suitable for X-Ray crystallography. A similar procedure for the corresponding Potassium compound
(65 mg, 182 mg dibenzo-18-crown-6) was applied.

%Sn NMR data correspond to the data found 44.

Yield: orange crystals.
7.2.8 Synthesis of Clusters and molecules with non-classical bonding situation

7.2.8.1 Reactions of Tripp,SnH, with E(ll) amides (E = Ge, Sn)

Synthesis of SnsH,Trippe (53)

A solution of 440 mg Sn(N(SiMe3),), (1.0 mmol, 1.0 eq) in 7 mL THF was added dropwise to 528 mg
Tripp,SnH, (1.0 mmol, 1.0 eq) dissolved in 7 mL THF. The solution turned briefly red and then orange.
After 12 h the reaction appeared dark brown. The product crystallised after 25 days from the dark
brown solution as colourless crystals, which turned out to be suitable for single crystal X-Ray
diffraction.

Yield: 58 mg (7%), off-white crystals. m.p.: 210-228°C (decomposition). Anal. Calcd. for CgoHy40Sn4: C,
63.70; H, 8.32. Found: C, 62.66; H, 8.15. '"H NMR (300.22 MHz,CcDg) 6 8.42 (s, lelllgsn = 1177 Hgz,
Y 117sn = 1127 Hz, *Jyysn = 69 Hz, 2 H; 2xSnH), 7.42 (s, 1 H; H™), 7.20 (s, 5 H; 5xH", covered by solvent
peak), 6.89 (s, 1 H; HY), 6.82 (s, 5 H; 5xH"), 4.38-4.30 (m, 4 H; 4xp-CH(CHs),), 4.07-3.98 (m, 2 H;
2xp-CH(CHs),), 3.41-3.36 (m, 4 H; 4x0-CH(CHs),), 2.71-2.64 (m, 8 H; 8x0-CH(CHs),), 1.74 (d, 3Jyy =
6.6 Hz, 12 H; 2xp-CH(CHs),), 1.65 (d, Jyy = 6.6 Hz, 12 H; 2xp-CH(CHs),), 1.58 (d, )y = 6.8 Hz, 12 H;
2xp-CH(CHs),), 1.14-1.09 (m, 36 H; 6x0-CH(CHs),), 0.79 (d, 3JH,H = 6.8 Hz, 12 H; 2x0-CH(CHs),),
0.64-0.60 (m, 24 H; 4xo-CH(CHs),) ppm. **C (75.5 MHz, C¢D¢) 6 156.26 (0-C), 155.16 (0-C"'), 154.78
(0-C™), 154.26 (p-C*), 149.71 (p-C""), 149.25 (p-C"), 143.80 (ipso-C"), 142.73 (ipso-C"), 129.24
(ipso-C™), 123.05 (m-C"), 122.60 (m-C*), 121.35 (m-C*), 42.64 (p-CH(CHs),), 39.41 (p-CH(CHs),),
38.86 (p-CH(CHs),), 37.45 (0-CH(CHs),), 34.52 (0-CH(CHs),), 34.43 (0-CH(CHs),), 29.82 (0-CH(CHa),),
25.59 (0-CH(CHs),), 25.44 (0-CH(CHs),), 25.33 (0-CH(CHs),), 24.67 (0-CH(CHs),), 24.27 (0-CH(CHs),),
24.18 (0-CH(CHs),), 24.10 (0-CH(CHs),), 24.08 (0-CH(CHs);) ppm. '°Sn NMR (111.92 MHz, CeDs)
8 -166.71 (Ysou = 1177 Hz, s, = 158 Hz; SnH), -192.89 (*Jys, = 69 Hz; Tripp,Sn) ppm. ATR-FTIR
1834 (w; v, SnH) cm™.
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Synthesis of SnyTrippg (55)

A solution of 263 mg Sn(NEt;), (1.0 mmol, 1.0 eq) in 7 mL THF was added dropwise to 527 mg
Tripp,SnH, (1.0 mmol, 1.0 eq) dissolved in 7 mL THF. The solution turned briefly red, then yellow and
then slowly dark brown. After 9 days a colourless solid crystallises, which turned out to be
Sn4H,Trippe. Alongside the colourless crystals also the product as dark purple crystals were observed.
Over time the colourless crystals seemed to dissolve again and more of the purple crystals were
formed. After an overall reaction time of 1 month the product was isolated in a reasonable yield.
Yield: 28 mg (4%), dark, purple solid. 'H NMR (300.22 MHz, C¢D¢) & 7.19 (s, 8 H; H", covered by
solvent peak), 7.00 (s, 8 H; HA), 4.36-4.30 (m, 2 H; 2xCH(CHs),), 4.10-3.98 (m, 2 H; 2xCH(CHs),),
4.45-3.33 (m, 4 H; 4xCH(CHs),), 2.86-2.77 (m, 8 H; 8xCH(CHs),), 2.74-2.60 (m, 8 H; 8xCH(CHs),), 1.74
(d, 6 H, )y = 6.8 Hz ;1XCH(CHs),), 1.65 (d, 6 H, )1,y = 6.5 Hz; 1XCH(CHs),), 1.58 (d, 6 H, ;s = 6.9 Hz;
1XCH(CHs),), 1.52 (d, 6 H, )y = 5.9 Hz; 1XCH(CH;),), 1.40 (d, 6 H, 3y = 7.5 Hz; 1xCH(CHs),), 1.24 (d,
48 H, ®Jyy = 6.8 Hz; 8x0-CH(CHs),), 1.14-1.12 (m, 48 H; 8xCH(CHs),), 0.78 (d, 6 H, Jyu = 6.5 Hz;
1XCH(CHs),), 0.63-0.60 (m, 12 H; 2xCH(CHs),) ppm.

Reaction of Tripp,SnH, with Ge(N(SiMe3),),

A solution of 197 mg Ge(N(SiMes),), (0.50 mmol, 1.0 eq) in 7 mL THF was added dropwise to 264 mg
Tripp,SnH, (0.50 mmol, 1.0 eq) dissolved in 7 mL THF. The reaction turns quickly red, but its colour
fades slowly to orange After 5 days ‘H coupled **Sn NMR analysis (CsDs was added to the NMR
sample for locking) shows next to signals for dimeric (Tripp,SnH), (57)

(-319.14, -320.49, -332.94, -334.51 ppm) also a shift at -65.25 ppm.

7.2.8.2 Reactions of Dipp,SnH, with E(ll) amides (E = Ge, Sn)

Synthesis of Sn,;H,Dipps (54)

A solution of 440 mg Sn(N(SiMe3),), (1.0 mmol, 1.0 eq) in 7 mL THF was added dropwise to 443 mg
Dipp,SnH, (1.0 mmol, 1.0 eq) in 7 mL THF. The solution turned orange and hazy. After 12 h the
reaction appears dark brown. The product crystallised after 5 days from the dark brown solution as
colourless solid.

Yield: 420 mg (58%), off-white crystals. m.p. 228-237°C (decomposition). Anal. Calcd. for C;,H10sSNn,:
C, 59.87; H, 7.26. Found: C, 59.08; H, 7.21. ‘*H NMR (300.22 MHz,C¢D¢) 6 8.46 (s, 1JH,1195n = 1198 Hz,
Y 11sn = 1152 Hz, *Jysn = 69 Hz, 2 H; 2xSnH), 7.72 (s, 1 H, HY), 7.22-7.10 (m, 11 H; 11xH", covered by
solvent peak), 6.89-6.79 (m, 6 H; 6xH"), 4.31-4.23 (m, 4 H; 4xCH(CHs),), 3.95-3.91 (m, 2 H;
2XCH(CHs),), 3.37-3.28 (m, 4 H; 4xCH(CH;),), 2.63-2.55 (m, 2 H; 2xCH(CHs),), 1.63 (d, *Jyy = 6.6 Hz,
12 H; 2xCH(CHs),), 1.54 (d, *Jun = 6.7 Hz, 12 H; 2xCH(CHs),), 1.50 (d, *Jyn= 6.7 Hz, 12 H; 2xCH(CHs),),

0.74 (d, *Jun = 6.7 Hz, 12 H; 2XCH(CHs),), 0.57 (d, *Jyn = 6.6 Hz, 12 H; 2xCH(CHs),), 0.53 (d, Jyy =
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6.5 Hz, 12 H; 2xCH(CH),) ppm. C (75.5 MHz, THF-dg) & 156.70 (0-C""), 155.63 (0-C""), 155.42 (o-C*),
130.03 (ipso-C"), 129.69 (ipso-C*), 129.15 ipso-C"), 125.64 (p-C""), 125.52 (p-C""), 125.18 (p-C"),
124.58 (m-C"), 123.93 (m-C"), 123.82(m-C""), 40.04 (CH(CHs),), 39.59 (CH(CHs),) 38.05 (CH(CHs),),
38.01 (CH(CHs),), 32.61 (CH(CHs),), 30.20 (CH(CHs),), 26.75 (CH(CHs),), 26.09 (CH(CHs),, covered by
solvent peaks), 25.82 (CH(CHs),, covered by solvent peaks), 24.64 (CH(CHs),) ppm. *Sn NMR
(111.92 MHz, THF/C¢Dg) & -163.55 (Ysny = 1189 Hz; “Js,n = 138 Hz; SnH), -195.41 (*Jys, = 69 Hz;
Dipp,Sn) ppm. ATR-FTIR 1838 (w; v, SnH) cm™.

Reaction of Dipp,SnH, with Sn(NEt;),

A solution of 263 mg Sn(NEt;), (1.0 mmol, 1.0 eq) in 7 mL THF was added dropwise 443 mg Dipp,SnH,
(1.0 mmol, 1.0 eq) in 7 mL THF. The solution turned briefly red, then yellow and then slowly dark
brown. After 9 days a colourless solid crystallises, which turned out to be Sn,H,Dipps (54). Alongside
the colourless crystals also the product as dark purple crystals were observed. Over time the
colourless crystals seemed to dissolve again and more of dark purple crystals suitable for single
crystal X-Ray diffraction were formed. X-Ray crystallography revealed the formation Sn;,Dipps (56), a
structural analogue to 55. Since still colourless crystals of 54 are still present, no pure Sn,oDippg could

be isolated.

Synthesis of (Dipp,SnH), (58)
A solution of 393 mg Ge(N(SiMes),), (1.00 mmol, 1.0 eq) in 7 mL THF was added dropwise to 443 mg
Dipp,SnH, (1.00 mmol, 1.0 eq) dissolved in 7 mL THF. The reaction turns quickly red, but its colour

fades slowly to yellow. After 3 days 'H coupled **°

Sn NMR analysis shows only resonances of the
product (Dipp,SnH),. Crystals suitable for X-Ray crystallography precipitated after one week.n When
using only 0.5 eq of Ge(N(SiMejs),),, additionally to dimeric (Dipp,SnH), also resonances of 54 are
observable in **°Sn NMR.

Yield: yellowish, nearly colourless crystals. *°Sn NMR (111.92 MHz, THF/C¢Dg) 6 -325.97 (Ysn1n =

1556 Hz, *Jsn 11 = 157 Hz) ppm.

7.2.8.3 Reactions of Dep,SnH, with E(ll) amides (E = Ge, Sn)

Reaction of Dep,SnH, with Sn(N(SiMes),),

A solution of 359 mg Sn(N(SiMejs),), (0.82 mmol, 1.0 eq) in 7 mL THF was added dropwise to 316 mg
Dep,SnH, (0.82 mmol, 1.0 eq) in 7 mL THF. The solution turned yellow, then slowly red and later
brownish red. After 12 h the reaction appears dark brown. After 2 days the reaction solution is
investigated by °Sn NMR (C¢Ds was added to the NMR sample for locking). Resonances at 354.31

and -1757.93 as well as thin layer chromatography (n-heptane/toluene=5/3) showing a violet spot at
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Rt = 0.8 may indicate formation of pentastanna[l.1.1]propellane. Other resonances were found at
(-128.47, -145.58, -157.07, -175.79, -203.61,-243.22 and -297.47 ppm. Most of these peaks
disappeared after 6 days. No assignment could be done for still present peaks at -157.07

and -203.61 ppm and the new formed resonance at -74.10 ppm.

Reaction of Dep,SnH, with Sn(NEt,),

A solution of 440 mg Sn(N(SiMe3);), (1.00 mmol, 1.0 eq) in 7 mL was added dropwise to 387 mg
Dep,SnH; (1.00 mmol, 1.0 eq) in 7 mL THF. The solution turns brown after a few minutes. After 2
days °Sn NMR (C¢Ds was added to the NMR sample for locking) shows resonances at 356 and -
1751 ppm, indicating the formation of a pentastanna[l.1.1]propellane, and at -21.3, suggesting the
presence of decastanna[5]prismane (DepSn)y. Also a violet spot in thin layer chromatography
(n-heptane/toluene= 10/1) is indicative for the pentastanna[l.1.1]propellane. After narrowing the
solution brownish crystals of 49 precipitated and were suitable for X-Ray crystallography. The
remaining narrowed reaction solution was applied on a silica gel chromatography column (n-
heptane/toluene = 10/1 to 5/1). Elution under ambient pressure provided fractions from which, in

order of elution purple 50 and yellowish 51 were obtained.

Reaction of Tripp,SnH, with Ge(N(SiMe3),),

A solution of 197 mg Ge(N(SiMes),), (0.50 mmol, 1.0 eq) in 7 mL THF was added dropwise to 194 mg
Dep,SnH, (0.50 mmol, 1.0 eq) dissolved in 7 mL THF. The reaction turns quickly red, but its colour
fades slowly to orange After 5 days ‘H coupled *°Sn NMR analysis (CsDs was added to the NMR
sample  for locking) shows next to signals for dimeric (Dep,SnH), (52)

(-271.68, -274.14, -286.96, -289.43 ppm) also a shift at -418.91 ppm, which could not be assigned.
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9 Appendix

9.1 Abbreviations

Chemicals

12crd crown ether, 12-crown-4
15cr5 crown ether, 15-crown-5
18cr6 crown ether, 18-crown-6
b18cr6 dibenzo-18-crown-6

Ar Aryl group

ArBr Arylbromide

Bu butyl

Cp cyclclopentadienyl

DCM Dichloromethane

Dep 2,6-Diethylphenyl

DepBr 2-bromo-1,3-diethylbenzene
DIBAL-H Diisobutylaluminium hydride
Diglyme bis(2-methoxyethyl)ether
Dipp 2,6-diisopropylphenyl
DippBr 2-bromo-1,3-diisopropylbenzene
DME Dimethoxyethane

DMSO Dimethyl sulfoxide

Et Ethyl

Et,O Diethyl ether

HMDS Hexamethyldisilazanid

iPr Isopropyl

iPr,NLi Lithium diisopropylamide
KCsg potassium graphite

Me methyl

Mel Methyl iodide

Mell methyllithium

Mes 2,4,6-trimethylphenyl

Mes* 2,4,6-t-BusCgH,

MesBr 2-bromo-1,3,5-trimethylbenzene
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Nph

Pfp

Ph

Sn®
tBuOMe
THF
™S

Tripp
TrippBr

Neophyl
Pentafluorophenyl
phenyl

bridgehead atom
Methyl tert-butylether
Tetrahydrofurane
trimethylsilyl
2,4,6-triisopropylphenyl

2-bromo-1,3,5-triisopropylbenzene

Analytical terms

ATR
bs

d

DI

El
eV
FTIR
Hz

NMR

ppm
R¢

uv
Vis

attenuated total reflection
Broad singlet

Doublet

Direct Insertion

Electron ionization
Electronvolt

Fourier transform infrared spectroscopy
Hertz

infrared spectroscopy
Coupling constant
Multiplet

Mass-to-charge ratio
Molecular peak
Megahertz

Mass spectrometry
Nuclear magnetic resonance
Parts per million
Retention factor

Triplet

Ultraviolet

visual

Delta
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Others

% Percent

° degree

°C Degree centigrade
A Angstrom

avg. average

conc Concentrated

eq Equivalents

g Gram

h Hours

K Kelvin

L Liter

M Molar

mg Milligram

min Minutes

mL Milliliter

mmol Millimol

nm Nanometer

rt Room temperature
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9.2 Crystal Structure Analysis Data

Table 9.1 Crystal data and structure refinement for 24.

Empirical formula Ca4H34CloSn
Formula weight 512.10
Temperature 100(2) K
Wavelength 0.71073 A
Crystal system Triclinic
Space group P-1
Unit cell dimensions a=17.0642(6) A o =68.820(2)°

b=17.7819(7) A B =78.214(2)°

c=17.9897(7) A y =89.951(2)°
Volume 4966.7(3) A°
Z 8
Density (calculated) 1.370 Mg/m’
Absorption coefficient 1.250 mm™
F(000) 2096
Crystal size 0.360 x 0.210 x 0.170 mm?

Theta range f. data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta max
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [1>20(1)]

R indices (all data)

Largest diff. peak and hole

1.223 to 25.499°

-20<=h<=19, -20<=k<=21, -19<=I<=21
66468

18360 [R(int) = 0.1273]
99.3%

Multi-Scan / SADABS
Full-matrix least-squares on F?
18360/ 0/ 1005

1.028

R1=0.0650, wR2 =0.1178
R1=0.1104, wR2 =0.1421
1.723 and -2.146 eA™
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Table 9.2 Crystal data and structure refinement for 25.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range f. data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta max
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I1>20(1)]

R indices (all data)

Largest diff. peak and hole

CyoH26ClSn
456.00
100(2) K
0.71073 A
Monoclinic

C2/c

a=28.465(7) A a=90°
b =9.1865(19) A B=117.87(2)°
c=17.460(7) A y =90°

4036(2) A°

8

1.501 Mg/m’

1.529 mm™

1840

0.36x0.33x0.19 mm’

1.62 to 27.98°

-37<=h<=37, -12<=k<=12, -22<=[<=22
48654

4844 [R(int) = 0.0634]

99.5%

Multi-Scan / SADABS
Full-matrix least-squares on F*
4844 /24 / 232

1.024

R1=0.0267, wR2 = 0.0468
R1=0.0411, wR2 = 0.0529
0.995 and -0.509 eA”
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Table 9.3 Crystal data and structure refinement for 28.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range f. data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta max
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I1>20(1)]

R indices (all data)

Largest diff. peak and hole

C3oH4sSn
527.37
100(2) K
0.71073 A
Monoclinic

P2./n

a=6.0409(3) A o =90°
b =19.0922(11) A B =96.079(3)°
c =24.6833(14) A y =90°

2830.8(3) A®

4

1.237 Mg/m’

0.916 mm™

1112

0.18x0.14 x 0.11 mm’

2.289 to 30.093°

-7<=h<=8, -26<=k<=26, -34<=I<=34
170177

8300 [R(int) = 0.0447]

99.8 %

Multi-Scan / SADABS
Full-matrix least-squares on F*
8300/0/298

1.101

R1=0.0227, wR2 =0.0444

R1 =0.0288, wR2 = 0.0465
0.466 and -0.479 eA”
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Table 9.4 Crystal data and structure refinement for 29.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range f. data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta max
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I1>20(1)]

R indices (all data)

Largest diff. peak and hole

CasH36SN
443.22
100(2) K
0.71073 A

Orthorhombic

Pca2,
a=17.4894(6) A a=90°
b = 14.0836(5) A B =90°

c=37.0349(11) A y =90°

9122.2(5) A?

16

1.291 Mg/m’

1.124 mm™

3680

0.27 x0.16 x 0.10 mm’

1.100 to 30.038°

-24<=h<=24, -19<=k<=19, -50<=[<=52
275534

25572 [R(int) = 0.0334]

100.0 %

Multi-Scan / SADABS
Full-matrix least-squares on F*
25572 /29 /957

0.996

R1=0.0181, wR2 = 0.0459
R1=0.0191, wR2 = 0.0469
0.733 and -0.434 eA*
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Table 9.5 Crystal data and structure refinement for 30.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range f. data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta max
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [1>20(1)]

R indices (all data)

Largest diff. peak and hole

CaoH2sSN
387.11
100(2) K
0.71073 A
Triclinic

P-1

a=9.0978(5) A a=68.636(2)°
b=9.9367(5) A B =87.350(2)°
c=11.1101(5) A y = 78.987(2)°

917.84(8) A3

2

1.401 Mg/m’

1.385 mm™

396

0.210 x 0.180 x 0.150 mm®
2.883 t0 29.998°

-12<=h<=12, -13<=k<=13, -15<=I<=15
72916

5349 [R(int) = 0.0622]

99.9 %

Multi-Scan / SADABS
Full-matrix least-squares on F?
5349 /0/200

1.012

R1=0.0224, wR2 = 0.0611
R1=0.0263, wR2 = 0.0642
1.221 and -0.622 eA”
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Table 9.6 Crystal data and structure refinement for 31a.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range f. data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta max
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [1>20(1)]

R indices(all data)

Largest diff. peak and hole

C6HosK;0145n4
1788.62
100(2) K
0.71073 A
Triclinic

Pl
a=11.7758(8) A a 0=98.994(3)°
b =13.0949(9) A B =111.635(2)°
c=14.7231(10) A y = 105.774(3)°

1945.6(2) A3

1

8.868 Mg/m*

2.468 mm™

5178

0.89x0.17 x 0.14 mm®

2.10 to 30.00°

-16<=h<=16, -18<=k<=18, -20<=I<=20
74333

11325 [R(int) = 0.0432]

99.9 %

Multi-Scan / SADABS
Full-matrix least-squares on F?
11325/0/ 443

1.034

R1=0.0410, wR2 =0.1171
R1=0.0470, wR2 = 0.1242
5.298 and -1.643 eA”
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Table 9.7 Crystal data and structure refinement for 32.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient
F(000)

Crystal size

Theta range f. data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta max
Absorption correction

Refinement method

Data / restraints / parameters

Goodness-of-fit on F2
Final R indices [1>20(1)]
R indices (all data)

Largest diff. peak and hole

Ci126H130016Na,Sng
1091.88

100(2) K

0.71073 A
Monoclinic

P2(1)/n

a=10.4164(4) A A=90°
b = 35.1800(12) A B =102.919(2)°
c=17.2642(5) A y =90°

6166.3(4) A°

4

1.630 Mg/m’

2.445 mm™

2960

0.21x0.08 x 0.07 mm’
1.67 to 27.00°

-13<=h<=13, -44<=k<=44, -22<=|<=22

94591

13437 [R(int) = 0.0457]
99.9%

Multi-Scan / SADABS
Full-matrix least-squares on F?
13437 /0/ 689

1.486

R1=0.0541, wR2 =0.1843
R1=0.0647, wR2 = 0.1913
0.956 and -3.052 eA”
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Table 9.8 Crystal data and structure refinement for 33a.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range f. data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta max
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [1>20(1)]

R indices (all data)

Largest diff. peak and hole

Cas HzsK;065n6
1983.88
100(2) K

0.71073 A
Triclinic

Pl

a=10.2922(3) A a =102.7380(10)°.
b =13.4599(4) A B =98.0040(10)°.
c=15.9194(5) A y = 106.8610(10)°.

2009.23(10) A®

1

1.640 Mg/m’

1.990 mm™

978

0.29x0.15x0.14 mm?

1.64 to 32.55°

-15<=h<=15, , -20<=k<=16, -23<=I<=24
104239

24764 [R(int) = 0.0312]

99.6 %

Multi-Scan / SADABS
Full-matrix least-squares on F?
24764 /3 /888

1.027

R1=0.0194, wR2 = 0.0464
R1=0.0209, wR2 = 0.0473
1.018 and -0.920 eA”
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Table 9.9 Crystal data and structure refinement for 34a.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system

Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range f. data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta max
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [1>20(1)]

R indices (all data)

Largest diff. peak and hole

CosH110K,01,5n6
2246.18

100(2) K

0.71073 A

Triclinic

Pl

a=13.897(14) A a=94.81(3)°
b=13.910(13) A b=90.76(4)°
c=14.14(3) A g =119.566(19)°
2365(5) A°

1

1.577 Mg/m’

1.705 mm™

1120

0.23x0.16 x 0.13 mm’?

1.69 to 28.01°

-18<=h<=18, -18<=k<=18, -18<=I<=16

104596

11048 [R(int) = 0.0532]

99.8 %

Multi-Scan / SADABS

Full-matrix least-squares on F?

11048 /0/524

1.041

R1=0.0578, wR2 = 0.1422

R1=0.0942, wR2 = 0.1734

4.535 and -1.985 eA”
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Table 9.10 Crystal data and structure refinement for 35a.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range f. data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta max
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [1>20(1)]

R indices (all data)

Largest diff. peak and hole

C,sHg1KOg Sny
1628.29
100(2) K

0.71073 A
Monoclinic

P2(1)/n

a=13.5837(3) A a=90°
b = 23.6887(6) A B =95.3390(10)°
c=22.4027(5) A y =90°

7177.5(3) A°

4

1.507 Mg/m’

1.484 mm™

3264

0.25 x 0.24 x 0.08 mm’

1.69 to 27.00°

-16<=h<=17, -30<=k<=30, -28<=|<=28
153664

15669 [R(int) = 0.0483]

100.0 %

Multi-Scan / SADABS
Full-matrix least-squares on F?
15669 / 0/ 802

1.093

R1 =0.0220, wR2 = 0.0464

R1 = 0.0354, wR2 = 0.0532
0.667 and -0.734 eA”
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Table 9.11 Crystal data and structure refinement for 44.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system

Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range f. data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta max
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [1>20(1)]

R indices (all data)

Largest diff. peak and hole

Ci02H114Li,01555n7
2480.64

100(2) K

0.71073 A
Triclinic

Pl

a=14.3301(9) A o = 82.634(2)
b =15.1075(10) A B=76.623(3)
c=26.1181(19) A y =70.379(2)

5173.7(6) A°

4

1.592 Mg/m’

1.725 mm™

2460

0.35x0.21x0.14 mm®

1.87 to 31.24°

-20<=h<=20, -21<=k<=22, -38<=|<=34
151767

33153 [R(int) = 0.0282]

99.3 %

Multi-Scan / SADABS
Full-matrix least-squares on F?
33153 /0/ 1459

1.023

R1=0.0362, wR2 = 0.0900
R1=0.0605, wR2 = 0.1105
1.494 and -1.434 eA’
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Table 9.12 Crystal data and structure refinement for 44a.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range f. data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta max
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [1>20(1)]

R indices (all data)

Largest diff. peak and hole

CgsH110Na,0145n5
2268.56

100(2) K
0.71073 A
Monoclinic

P2,/c

a=12.6040(6) A a=90°
b =27.4888(14) A b= 103.056(2)°
c=26.9560(12) A g=90°

9098.0(8) A3

4

1.656 Mg/m’

1.958 mm™

4488

0.240x 0.210 x 0.160 mm®
1.072 to 26.998°

-16<=h<=16, -35<=k<=35, -32<=|<=34
431440

19848 [R(int) = 0.0590]
99.9%

Multi-Scan / SADABS
Full-matrix least-squares on F?
19848 /0/ 1222

1.094

R1=0.0195, wR2 = 0.0419

R1 = 0.0240, wR2 = 0.0441
0.592 and -0.474 eA*
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Table 9.13 Crystal data and structure refinement for 44b.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range f. data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta max
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [1>20(1)]

R indices (all data)

Largest diff. peak and hole

Ci0sH118K,0165n7

2581.05
100(2) K
0.71073 A
Trigonal

P3,21

a=14.0802(3) A a=90°
b = 14.0802(3) A B =90°
c = 45.6034(14) A y=120°

7829.7(4) A°

3

1.642 Mg/m’

1.790 mm™

3846

0.21x0.17 x0.14 mm’?

2.680 to 26.996°

-17<=h<=17, -17<=k<=17, -58<=|<=58
183101

11370 [R(int) = 0.0482]

99.8 %

Multi-Scan / SADABS
Full-matrix least-squares on F?
11370/ 24 / 602

1.368

R1 =0.0382, wR2 = 0.0882

R1 = 0.0383, wR2 = 0.0882
1.093 and -1.096 eA™
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Table 9.14 Crystal data and structure refinement for 45.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range f. data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta max
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [1>20(1)]

R indices (all data)

Largest diff. peak and hole

C112H140Li,018Sng
2713.01

100(2) K
0.71073 A
Monoclinic

P2(1)/c

a=29.253(2) A a=90°
b=14.3128(9) A B =90.276(3)°
c =26.5807(17) A y=90°

11128.9(13) A®

4

1.619 Mg/m’

1.807 mm™

5400

0.27x0.25x0.16 mm?

1.53 to 27.36°

-37<=h<=37, -18<=k<=18, -34<=|<=34
421438

24812 [R(int) = 0.0639]

98.4 %

Multi-Scan / SADABS
Full-matrix least-squares on F?
24812 /0/ 1387

1.226

R1=0.0580, wR2 = 0.1129
R1=0.0907, wR2 = 0.1392
1.810 and -2.141 eA”
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Table 9.15 Crystal data and structure refinement for 46.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range f. data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta max
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [1>20(1)]

R indices (all data)

Largest diff. peak and hole

CooHssLiOgSNg
2223.07
100(2) K

0.71073 A
Triclinic

P-1

a=14.2707(6) A a=70.797(2)°
b = 14.2569(6) A B =67.696(2)°
c=31.4766(13) A y = 60.735(2)°

5086.5(4) A®

2

1.451 Mg/m’

1.973 mm™*

2160

0.12 x 0.04 x 0.03 mm’

1.655 to 26.000°

-16<=h<=17, -16<=k<=17, 0<=I<=38
19955

19955

99.5%

Multi-Scan / SADABS
Full-matrix least-squares on F?
19955 / 770 / 1058

1.073

R1=0.1261, wR2 = 0.3035
R1=0.1680, wR2 = 0.3485
8.460 and -2.987 eA’
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Table 9.16 Crystal data and structure refinement for 47.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system

Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range f. data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta max
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [1>20(1)]

R indices (all data)

Largest diff. peak and hole

C30H4,AlLIOg
532.56
100(2) K
0.71073 A
Monoclinic

P2(1)/c

a=11.8667(4) A a=90°
b =20.5281(8) A B = 106.3590(10)°
c=12.5639(5) A y =90°

2936.67(19) A°

4

1.205 Mg/m’

0.109 mm™

1144

0.20x0.17 x 0.14 mm®
2.05t027.22°

-15<=h<=11, -26<=k<=25, -13<=I<=16
15895

6495 [R(int) = 0.0626]

99.1%

Multi-Scan / SADABS
Full-matrix least-squares on F?
6495 /0/ 349

1.057

R1=0.0717, wR2 =0.1899
R1=0.0991, wR2 = 0.2087
1.234 and -0.732 €A’
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Table 9.17 Crystal data and structure refinement for 48.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range f. data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta max
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I1>20(1)]

R indices (all data)

Largest diff. peak and hole

CaaHaoAlLIOg
466.46
100(2) K
0.71073 A

Orthorhombic

Pbca
a=14.856(11) A a=90°
b =14.196(10) A B =90°
c=23.825(16) A y=90°

5024(6) A®

8

1.233 Mg/m’

0.122 mm™

2016

0.21x0.19x0.16 mm?

1.71 to 28.01°

-19<=h<=19, -18<=k<=18, -31<=I<=31
149765

6072 [R(int) = 0.0593]

100.0 %

Multi-Scan / SADABS
Full-matrix least-squares on F?
6072 /0/301

1.133

R1=0.0710, wR2 = 0.1953
R1=0.0953, wR2 = 0.2172
1.454 and -0.604 eA”
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Table 9.18 Crystal data and structure refinement for 49.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range f. data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta max
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I1>20(1)]

R indices (all data)

Largest diff. peak and hole

Cy4H3gNSN,
575.92
100(2) K
0.71073 A
Monoclinic

C2/c

a=22.0956(15) A a=90°
b =11.4014(6) A b= 119.049(5)°
c=21.2395(14) A g =90°

4677.6(5) A°

8

1.636 Mg/m’

2.144 mm™

2296

0.36x0.28 x 0.19 mm®

2.074 to 28.181°

-29<=h<=29, -15<=k<=15, -28<=|<=28
97617

5674 [R(int) = 0.0641]

99.8 %

Multi-Scan / SADABS
Full-matrix least-squares on F?
5674 /0 /250

1.261

R1=0.0327, wR2 =0.0970
R1=0.0491, wR2 =0.1093
1.187 and -1.720 eA*
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Table 9.19 Crystal data and structure refinement for 50.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range f. data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta max
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>20(1)]

R indices (all data)

Largest diff. peak and hole

CeoH78SNs
1392.67
100(2) K

0.71073 A
Monoclinic

P2,/c

a=21.4165(9) A a=90°
b =9.6493(5) A B =93.257(2)°
c=27.9442(12) A y=90°

5765.5(5) A°

4

1.604 Mg/m’

2.171 mm™

2752

0.21x0.16 x 0.15 mm3

0.952 to 25.999°

-26<=h<=26, -11<=k<=11, -34<=|<=31
66525

11322 [R(int) = 0.0785]

100.0 %

Multi-Scan / SADABS
Full-matrix least-squares on F*
11322 /0/ 609

1.088

R1=0.0422, wR2 =0.0928
R1=0.1001, wR2 =0.1279
1.006 and -1.531 eA*
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Table 9.20 Crystal data and structure refinement for 51.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range f. data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta max
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>20(1)]

R indices (all data)

Largest diff. peak and hole

CeoH7sSN3
1155.29
100(2) K

0.71073 A
Monoclinic

P2/c

a=20.6793(13) A a=90°
b =12.8053(9) A b= 96.458(3)°
c=21.0302(14) A g=90°

5533.6(6) A’

4

1.387 Mg/m’

1.378 mm™

2352

0.240 x 0.160 x 0.130 mm®
1.865 to 27.247°

-26<=h<=26, 0<=k<=16, 0<=I<=26
12172

12172 [R(int) = ?]

99.3 %

Multi-Scan / SADABS
Full-matrix least-squares on F2
12172/0/581

1.012

R1=0.0885, wR2 = 0.2386
R1=0.1263, wR2 = 0.2776
3.747 and -3.612 €A
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Table 9.21 Crystal data and structure refinement for 53.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range f. data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta max
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [1>20(1)]

R indices (all data)

Largest diff. peak and hole

CooH1205N4
1696.77

296(2) K

0.71073 A

Triclinic

P-1

a=13.4821(18) A a = 104.744(5)°
b =14.0325(19) A B =115.121(5)°
c=14.416(2) A y = 98.249(5)°
2287.5(6) A®

1

1.232 Mg/m’

1.117 mm™*

880

0.31x0.24x0.12 mm?

1.736 to 27.989°

-17<=h<=17, -17<=k<=18, -19<=[<=18

71473

10966 [R(int) = 0.0454]

99.4 %

Multi-Scan / SADABS

Full-matrix least-squares on F?

10966 / 26 / 475

1.143

R1=0.0333, wR2 = 0.0738

R1 = 0.0566, wR2 = 0.0957

1.753 and -0.968 eA™
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Table 9.22 Crystal data and structure refinement for 54.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range f. data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta max
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I1>20(1)]

R indices (all data)

Largest diff. peak and hole

C72H104SN4
1444.31
100(2) K

0.71073 A
Triclinic

P-1

a=13.1752(7) A a=73.525(3)°
b =13.9590(7) A b= 84.889(3)°
c=21.1669(13) A g = 63.283(3)°

3331.1(3) A°

2

1.440 Mg/m’

1.521 mm™*

1472

0.17x0.14 x 0.10 mm®

1.004 to 25.499°

-15<=h<=15, -16<=k<=14, -25<=|<=25
35565

12190 [R(int) = 0.1607]

98.5 %

Multi-Scan / SADABS
Full-matrix least-squares on F*
12190/ 432 /715

1.053

R1=0.0895, wR2 = 0.1340
R1=0.2044, wR2 = 0.1730
2.660 and -1.904 eA”
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Table 9.23 Crystal data and structure refinement for 55.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range f. data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta max
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [1>20(1)]

R indices (all data)

Largest diff. peak and hole

C136H20004Sn10
3085.85
100(2) K

0.71073 A
Triclinic

P-1

a=14.2463(11) A a = 102.840(4)°
b=15.1847(12) A B =98.913(4)°
c=16.5794(13) A y = 99.124(4)°

3384.6(5) A°

1

1.514 Mg/m’

1.859 mm™

1548

0.23x0.17 x0.13 mm’?

1.285 to 26.000°

-17<=h<=17, -18<=k<=18, -20<=I<=20
182609

13290 [R(int) = 0.0496]

99.7 %

Multi-Scan / SADABS
Full-matrix least-squares on F?
13290/9/ 756

0.875

R1=0.0302, wR2 = 0.0899

R1 = 0.0406, wR2 = 0.1197
2.082 and -1.172 eA*
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Table 9.24 Crystal data and structure refinement for 56.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range f. data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta max
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [1>20(1)]

R indices (all data)

Largest diff. peak and hole

C112H16804Sn1q
2765.35
100(2) K

0.71073 A
Triclinic

P-1

a=11.7790(7) A a=61.708(2)°
b =16.7894(9) A B =77.830(3)°
c=17.1129(9) A y = 69.479(3)°

2786.8(3) A°

1

1.648 Mg/m’

2.247 mm™*

1372

0.260 x 0.210 x 0.130 mm’
1.484 to 28.000°

-15<=h<=15, -22<=k<=22, -22<=|<=22
165238

13445 [R(int) = 0.1021]

99.9 %

Multi-Scan / SADABS
Full-matrix least-squares on F?
13445 / 26 / 603

1.092

R1=0.0319, wR2 = 0.0719
R1=0.0442, wR2 = 0.0845
1.046 and -1.839 eA”
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Table 9.25 Crystal data and structure refinement for 58.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range f. data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta max
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I1>20(1)]

R indices (all data)

Largest diff. peak and hole

Ca4H3sSn
442.21
100(2) K
0.71073 A
Monoclinic

C2/c

a=23.7685(16) A a=90°
b =11.4764(10) A B =109.214(4)°
c=17.3426(16) A y=90°

4467.1(6) A’
8

1.315 Mg/m’

1.148 mm
1832

0.270 x 0.220 x 0.140 mm’
1.993 to 26.498°

-29<=h<=27, -14<=k<=14, -21<=I<=21
49489

4628 [R(int) = 0.0874]

99.9 %

Multi-Scan / SADABS
Full-matrix least-squares on F*
4628 /1 /237

1.049

R1=0.0370, wR2 = 0.0871

R1 =0.0509, wR2 = 0.0967

1.479 and -1.090 eA”
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