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Abstract

In contrast to organosilicon and organotin compounds, lwiiave already found
widespread use in industrial applications, organogeumacompounds are less ex-
plored mainly due to their challenging preparation andrenwiental scarcity. Recent
developments in the eld of organogermanium chemistry stidhat these compounds
display promising features for the use as precursors fotidnal materials in the eld
of macromolecules, optical applications and as anode mlaterlithium ion energy

storage systems.

The objective of this work was to overcome literature knowaoulties in order
to open a direct, high yielding and selective reaction raotgards organogerma-
nium dihalides, trihalides, dihydrides and trihydridestHeérmore, all synthesized com-
pounds were fully characterized using various analysisitees including®Ge NMR
spectroscopy of organogermanium hydrides, which is ordly ound in literature.
Moreover, organogermanium nanoparticles were prepased) previously synthesized
organogermanium trihydrides as precursors in a microwssisted dehydrogenative
coupling reaction. This formerly unknown material was attarized using various

analysis techniques such as SEM, SAXS and MALDI-TOF massapetdy.

In addition, in cooperation with the University of Westem&io (Canada), a selective
reaction route for the preparation of organogermanium roblwside compounds with
organic residues bearing no steric demanar#tio-position was developed, using a

procedurevia an aminophenol species as reaction intermediate.



Kurzfassung

Im Gegensatz zu Organosilizium- und Organozinnverbiedurtie hau g in indus-
triellen Anwendungsgebieten Verwendung nden, sind Ogganmaniumverbindungen
vergleichsweise noch wenig erforscht. Dies ist vorwiegdrtie schwierige Herstellung
solcher Verbindungen aber auch deshalb, da das Elememider Erdkruste zu nden
ist. Jedoch zeigen pngste Entwicklungen, dass Organwg@umverbindungen vielver-
sprechende Edukte far die Herstellung von Funktionsnadiesn als Makromoleksle,

optischen Anwendungen und als Anodenmaterial far Lithilkorsklarstellen.

Das Ziel dieser Masterarbeit war es die SchwierigkeitegriSyhthese von Organoger-
maniumverbindungen zu wberwinden und einen direkteektsetn Reaktionsweg far
die Darstellung von Organogermaniumdihalide, Organageumtrihalide, Organoger-
maniumdihydride und Organogermaniumtrihydride zu ekéiic Weiters wurden alle
hergestellten Verbindungen vollstandig charactetid®@ne der Analysenmethoden far
Organogermaniumhydride waiGe NMR Spektroskopie, welche nur selten in der Lit-
eratur zu nden ist. Damaber hinaus wurden organogermaniianopartikel von zu-
vor hergestellten Organogermaniumtrihydriden in einkrdvellenreaktion dargestelit.
Dieses zuvor unbekannte Material wurde mit verschiedemgerislanalysentechniken

wie zum Beispiel SEM, SAXS und MALDI-TOF Massenanalyse chassat.

In einer Kooperation mit der University of Western Ontakiar(ada) wurde eine Reak-
tionsroute fur die selektive Darstellung von Organog@&inramonochloriden mit or-

ganischen Resten ohne sterischem Anspruohth-Position erfolgreich gee net.
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1. Literature

1.1. General aspects of germanium

Germanium was rst discovered in its elemental form by Glervéinkler in 1886
With a natural abundance of 5.6 ppm in the earth's crust, gariom is the least
available element in Group 14 and is found in rare sul dicerala such as Argy-
rodite (AggGeg) or Germanite (CgFeGeSg). Industrially, germanium is available by
oxidizing the sul des of Sphalerite (ZnS; accompanied @#$) ores into the corre-
sponding oxides by roasting. The oxides (ZnO and,ax@ treated with hydrochloric
acid (HCI) or chlorine gas (glto gain the volatile germanium tetrachloride (GgCI
which can subsequently be distilled. The puri ed Ge€ithen hydrolyzed to GeO
which can be reduced to elemental germanium with hydrogearbon. The metal

can be further puri ed by zone melting processes.

In its compound form, germanium occurs in two di erent o@astates (Il and 1V).
Due to the instability of germanium(ll) compounds, they easily oxidized to ger-
manium(lV) derivatives. Thus, only germanium(lV) compouarésfound in naturé?!
The preparation of germanium(ll) and germanium(1V) conteyrstarting materials is

shown inFigure 1.1
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GeSy; +3 0, ——> Ge0, +2 SO,
GeOy, + 4 HCI — > GeCly + 2 H,0
GeO,+2Cly ——> GeCly + O,

GeO, + 2 H, —> Ge + 2 H,0

Figure 1.1.: Preparation of important germanium containing stagi materials germanium dioxide,

germanium tetrachloride and metallic germanium.

Organogermanium compounds de ne themselves as compoontsning at least
one germaniumcarbon bond. The rst one of these compounds,&#, was syn-
thesized already by Winkler in 1887 by the reaction of dtiyy and germanium
tetrachloride® Due to its low availability and high prices, no new orgamoger
nium compounds were published for more than 30 years. In, 1®@2&phenylger-
mane was synthesized by Morgenal., which was the rst compound containing
a germanium aryl bond and in this year also Dennis and coworkers prepantber
tetra-substituted organogermanium compouHd8. In the following years, new sources
for germanium were discovered which led to an increasedaruwhinew compounds
up to the 1960s.

Potential applications for organogermanium compoundsb@sdes materials for elec-
tronics and energy storage, also medical applications t#zaaterial agents, due to
low toxicity against mammals but signi cant activity agstilacterial® 8 Especially
the synthesis of organometallic, oligo- and polymeric gees grew as an impor-
tant eld due interesting properties such as conductivatigsorption of UV light or
thermochroism 11 With its increased band gap conductivity and hole, as westt el
tron mobility compared to silicon, elemental germaniumoissidered a good candi-
date for electrical applications as well. These speciahctaistics and the demand
for new functional materials make germanium based matariafeasingly important

in upcoming years.
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In Group 14, germanium shows in its chemical behavior clelséions to its isostruc-
tural lighter homologue silicon than to tin and lead, makiing chemistry of silicon
representative for the one of germanilfifSystematic trends of compounds of Group
14 elements are increase of bond distances and covalenicatadius, and decrease
of bonding energy when going from the lighter to the heavsendiogue (stability

C M: Si> Ge> Sr> Pb).[2 14 Due to the similar electronegativity of Ge, C and H, the
polarities are residue dependent in @and Ge H bondd1® Generally, the thermal
stability of organometallic hydrides decreases when doong Si to Pb downwards
and with increasing number of hydrogen atoms attached tonté&l center. The high

a nity to hydrolysis of Si H bonds is not found for other group 14 elements.

1.2. Tetraarylgermanes and organogermanium

halides

Even though there is no direct use in industrial applicatafrthe small number of so
far known tetraarylgermanes, such compounds featuresuablal starting materials
for other organogermanium compounds. For the introducifaromatic residues, typ-
ically Grignard reagent$igure 1.2 or organolithium species-{gure 1.3 are reacted

with germanium halidé$. 14 19
RBr + Mg —> RMgBr
RMgBr + GeCl, —> RGeX3 + MgX»
2 RMgBr + GeCly —> R,GeXs + 2 MgX»
3 RMgBr + GeCl, — > R3GeX + 3 MgX;
4 RMgBr + GeCl, —> R;Ge + 4 MgX,

Figure 1.2.: Preparation of the Grignard reagent and reaction wittC{zeo prepare tetraorganoger-

manes and organogermanium halides.
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RBr + butylLi —> RLi + butyIBr
RLi + GeCl, —> RGeX3 + LiX
2 RLi + GeCly —> R,GeX, + 2 LiX
3 RLi+ GeCly, — > R3GeX + 3 LiX
4 RLi + GeCl, — > R,Ge + 4 LiX

Figure 1.3.: Formation of the organolithium species using butyilim and conversion towards

organogermanium compounds.

Alternatively, tetra- and trisubstituted germanes can beppred from Ge with
a hexacoordinated germanium complex as intermediate dmgbguent conversion
with Grignard reagents. This reaction procedure o ers der@ditive to GeGlas key
intermediate in the preparation of organogermanium com@sueplacing Gland HCI
as environmentally ploblematic reagents. It was rst reggbby the group of Reye in

late 1980s with an anionic hexacoordinate germanium contp@igure 1.4.[16 17

2-
(0]
GeO, —eos—> K,Ge(OMe)s —2> 2 K" G& :©
o 3
o 2
2K* Gel :O +RMgX ——> R,Ge
° 3

Figure 1.4.: Usage of anionic hexacoordinate germanium complexéseirsynthesis of tetrasubsti-

tuted organogermanes.

Recently, Glavinoveet al. reported the mechanochemical synthesis of a hexacoadinat
germanium species from germanium metal or £5e€ng either quinone or catechol,
stabilized by electron donors. Furthermore, they showedtmversion of those com-
plexes with Grignard reagent to tetrasubstituted germdfégure 1.5.[18 19 Unfor-

tunately, this reaction route also shows a lack of seléciivithe synthesis of not fully
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substituted germanes resulting in a product mixture of adi and trifunctional

L\ o
. +2L
Ge or GeO, + o-quinone or catechol ———> Ge
Yo
2
L\ oD
Ge + RMgX — > R;Ge
- Yo ,

Figure 1.5.: Usage of amine donor stabilized germanium complexéisynthesis of tetra substituted

germanes.

L = amine

organogermanes.

In contrast to tetraorganogermanes, organogermaniunddémkhow powerful features
as starting materials for the preparation of other germanaompounds because of
their stability at room temperature. Nevertheless, exatusf water is important be-
cause of facile hydrolysis of the G¢ bond by air moisture under the formation of
hydroxides. Grignard and organolithium reagents can lekiniskee preparation of aryl-
germanium halides when changing the stoichiometry of tetioen. Nonetheless, these
reactions usually result in a product mixture of mono-, dé tiarylgermanium halides
present2®24 |solation is even further complicated by halogen-metaiange when
di erent halogens are used. Thus, high yields are rare.ri@gcé&lhlig and coworkers
published a selective synthesis of novel tetraarylgesrantktriarygermanium halides

with respect to the substitution pattern of the aryl residogoduced??

R3 Re
R without CH3-group GeCly R with CHz-group in
in 2 or 6 position 2 and/or 6 position

R4 Ge = + » XGe

e.g. phenyl, m-tolyl, e.g. o-tolyl, 2,5-xylyl,
3,5-xylyl, 2-naphthyl 3 5 eq. RMgBr 2,6-xylyl, 1-naphthyl

Rsg R2

3
4
X=Cl, Br

Figure 1.6.: Selective preparation of tetraorganogermanes andgainogermanium halides depending

on substitution pattern of the residul]
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Redistribution reactions are commonly used for Group Ideglts in literature to pre-
pare Group 14 organometallic halides and widely appliesdlitmn and tin compounds
(Figure 1.7.126. 271 But when employing the reaction with germanium, it resuits i
di cult to separate product mixture, due to reaction eqgbiiia, making the adjust-
ment of reaction conditions challenging. Usually, elev&égenperatures and catalytic
amounts of AIG] are needed. Comproportionation reactions have been esaplbm/

tween germanium halides and arylgermarégute 1.8.128(30
R4Sn +SnCly ———> 2 R,SnCl,

R4Sn + 3 SnCly ——> 4 RSNnCl;

Figure 1.7.: Kocheshkov reaction between tetraorgano stannameksti tetrachloride.

AICI,

phenyl,Ge + GeCl, 120G

4 phenylGeCls

AlCI,

3 phenyl,Ge + GeCl, ————> 4 phenyl3GeCl

Figure 1.8.: Redistribution reactions for the preparation of phigeymanium chlorides.

Aryl transfer reactions from organometallic silicon ctiésrionto germanium tetrachlo-
ride catalyzed by AlGlwere closely investigated by Zhenhal. Reactions of di- and
triphenylsilicon chlorides and tetraphenylsilane wittmg&ium tetrachloride gave di-
and triphenylgermanium chlorides at low catalyst conegioins or phenylgermanium
trichloride above 10 wt% of aluminum chloride. Furthermateen using phenylsilicon
trichloride with germanium tetrachloride, phenylgermanitrichloride is obtained in
good yields independent of the catalyst concentratiigure 1.9.[3% 32 |n addition,

transmetalation reactions from organotributylstannawéh germanium tetrachloride

to form arylgermanium trichlorides were investigated bigykhevet al.[33 34

5% AICIy
120°C

phenylSiCl; + GeCl, phenylGeCls + SiCl,

Figure 1.9.: AIC} catalyzed aryl transfer from silicon to germanium.
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Moreover, the halogenation of organogermanes is possiiley for bromides and
iodides, elemental halogenides, and for chlorides, hedtepk solvents as halogen
sourcel* 3% As further halogenation agents, haloalkanes and hydrogesalso

nd use in the synthesis of organogermanium halides, butahetion results usually in

a product mixture of mono-, di- and trihalides, that is havdéparate. If available, this
can be circumvented by halogenation of organogermaniumidiegdas starting mate-
rials, since the GeH bond shows higher a nity towards substitution than the Ge
bond, leading to a controlled reaction with good yieldsiténdture, carbon tetrachlo-
ride with DBP (dibenzoyl peroxide) di-halosuccinimides have been found as useful
reagents for that reactiof® 23 36. 37 |nstead of DBP, palladium can also be used to

catalyze the chlorination of organogermanium hydridels @&}, (Figure 1.1(.[38]

DBP
R4_nGeHn T R4_nGeC|n

Pd®
RsGeH —— R3GeCl

Figure 1.10.: Use of Cglfor the chlorination of organogermanium hydrides.

The catalytic insertion of GegLtioxane into the CBr bond of arylbromides re-
sults in the formation of mixed arylgermanium trihalif&sFurthermore, arylgerma-
nium trichloride can be formed in a two-step reaction from tleaction of elemen-
tal germanium and germanium tetrachloride followed by eqyent reaction of the

dichlorogermylene with arylchloride as showRigure 1.114%
Ge + GeCly —> 2 :GeCl,
:GeCl, + phenylCl —— > phenylGeCl;
Figure 1.11.: Synthesis of phenylgermanium trichloride by theiitisn reaction of germanium dichlo-

ride with phenylchloride.

Mixed organogermanium hydrochlorides were selectivédyned by Ohshita by re-

placement of a hydride moiety from organogermanium hygltdieg CuGl By adding
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further equivalents, as well as catalytic amounts of Culht reaction mixture, the
fully halogenated product is gainéd. The reason why two equivalents of Cu@ile

needed for the substitution of one hydride moiety is thectoi towards a copper (1)
species and not to elemental copper. The hydrochloridemiamesting due to their

possible application in dehydrohalogenative couplingioss.

phenyl,GeH, —2Cucl,, phenyl,GeHCI

4 CuCl,

phenyl,GeH, cul

phenyl,GeCl,

Figure 1.12.: Selective chlorination of phenylgermanium dihyaltiding CuCl of CuCl(Cul).

Alternatively to CuGl organogermanium chlorides hydrochlorides can be pcepgre
cleavage of an aromatic group with tri uorosulfonic acidd(H) and subsequent sub-
stitution of the OTf group using NiCI or LiCl Figure 1.1338 42

1) HOTF

R3GeH ~ua > R2GeHCI

Figure 1.13.: Substitution of an aryl group by a Cl using tri ation rous shown for the cleavage of

a residue of a organogermanium monohydri¢fd.

1.3. Organogermanium hydrides

Organogermanium hydrides have recently gained higheeshtdue to their appli-
cability as precursors in the preparation of oligo- andgasiyanes, or volatile com-
pounds in the deposition of thin Ims in microelectronicsg&hogermanium hydrides
are less prone to decomposition under elimination of dilggr than the heavier
Group 14 analogue tin, but more than silicon derivativesciwis in agreement with

lower M H bond dissociation energy when going from Si to Sn. Furibrernthe
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reactivity increases with increasing hydride moietiesiwgoeng from mono- towards
trihydrides#?!

The rst group to report the synthesis of a compound bearinGea H bond were
Voegeleret al. in 1902, when they prepared Gebly the reaction of zinc and ger-
manium with sulfuric acid presefifl Another possible way for the preparation or
organogermanium hydrides was introduced by Gilman in 1885%the reaction of
tetraphenylgermane with metallic lithium under the forimatof a lithiated species
(Ph3Geli), which can be subsequently transformed into trijgenyand? A simi-

lar reaction was reported by Tamborsky in 1962, but he rettrgghenylgermanium
chloride to get the same germyllithium intermediate as &ilnvhich can be reacted

to the corresponding germatél

Nevertheless, the most applied and straightforward rooveatds organogermanium
hydrides is the reduction of organogermanium halides whilarh aluminum hydride
(LiAIH,) in polar solvents. This route is not only the most direct; &iso highly ef-

fective and commonly used in literatfg 23 39 4454

4 RynGeXp + n LIAIH, ——— 4 R, ,GeH,, + LiX + AlX3

Figure 1.14.: Preparation of organogermanium hydrides from respetialides by hydrogenation with

lithium aluminum hydride.

1.4. Oligo- and polygermanes

In recent years, oligo- and polymeric materials with elemelement bonds of Group
14 elements have gained attention, due to their applitalmlithe elds of molecular
electronics and nanotechnology as well as anodic matehtdium ion batteries. Gen-

erally, the thermochemical dissociation energy of theddr@e Ge single bond is far
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lower than in corresponding @ and Si Sil>® Nevertheless, the bond can be further
stabilized by electron donating groups such as halogernist whectron withdrawing
groups destabilize the bond and compounds show tendenagd®decompositioii®)
Contrary to oligo- and polysilanes and {stannanes whiclwalleexplored, applications
of germanium derivatives have been limited due to costsiterpreparation and only
few available building blocks and rouf2s8” Nonetheless, the drive for new func-
tional materials in combination with superior propertieshese materials promoted
the research in that eld over the years and di erent polyizetion methods have

been developed.

1.5. Linear oligo- and polygermanes

Linear polymers of Group 14 elements can be approximatéteas ¢hains of a metal

backbone built by M M single bonds covered by an organic jackére 1.15.58{61

R
E R 7N _ ¢
| R R Rr
R 70 )
©TE~
R
E =Si, Ge, Sn

Figure 1.15.: Schematic representation of organometallic lineaymers.

Group 14 linear organometallic polymers feature a phenamegrso called-conjugation.
The concept of this e ect was rst described for oligosilsrend later expanded to
higher homologues germanium and[€#%% It shows that the e ective overlap of hy-
bridized atomic orbitals of neighboring elements leadsstalgltion of electron density
over the metal backbone. This delocalization makessthe s electronic transition

possible which results in characteristic properties lidsomtion in the UV region,

10
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thermochroism and further interesting electrochemicdl @gtical behavior that make
such materials interesting for application as photoresislithography, semiconductors

and electronic devices working as quantum wfre§% 67

Over the years various synthetic methods for Ge bonds have been developei{
ure 1.16. Among the commonly applied ones are the Wurtz-type cayplfi¥7?,
usage of Grignard and organolithium reagéHt§l, germylene insertion or electro-
chemical couplitgX81, as well as lanthanide catalyzed coupfih§. In contrast
to the eld of tin containing polymers, where the synthedipolystannanes using
metal catalyzed dehydrocoupling reactions is commonlyeapip literature, only one
example has been reported for organogermanium dihydsde®eursor®4 In most
of these reactions organogermanium halides and hydridies im@ortant precursors

for the synthesis of germanium containing oligo- and palyme

Na/Tol

R2GeCl, — 5 -(GeRy)y- [4,68-70]
GeCl, + RMgBr ————> -(GeRy),- [72,75]
Smi
RoGeCly fpnr™ -(GeRa)y- 287
GeClyedioxane + RLi — > -(GeRy),- [79]

szTiMEz

Ph,GeH, —=—> H(GePh,),H [4

cat.

Figure 1.16.: Various methods to prepare linear organogermanium ofigd-polymers.

1.6. Organogermanium nanoparticles

With their size and shape dependence in electronic andabptbavior of semiconduc-
tor nanopatrticles, as for instance visible photolumimesedy nano-sized silicon and
germanium structures, a wide eld for possible applicabipened. A special electronic
feature is that Ge nanoparticles are expected to show fumatf a direct band gap

materiall®89 Despite these promising applications, the preparationeofngnium
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nanoparticles is limited due to high costs of the germanivacyssors and limited
synthetic preparation methods, which are for the most paotysical methods such
as chemical vapor or liquid deposition, plasma techniquesching. The industrial
applicability in germanium ion implantation, metal hydrig¢gdduction and sputtering
techniques is so far still limited, due to problems in thetrobrof implantation size
and scale-up. Furthermore, often high temperatures, sufieal solvents or strong
reducing agents have to be appliet®%101 An example for surface functionalized

germanium nanoparticles is showrFigure 1.17

CH.
H H R{H:C)z ¢ zh'}‘?"zlz»R
H H R(Hﬁh%m"zhl‘
[ H R{H,C) (CH):R

(CHz1R

H
CH,
CTAB WA M 2R apen, o ot
Gely + LIAIH, s H _.‘R(H,ch%(fi"zh“

toluene H H A (CH1):R *
: R(H;C)z (CHz)R ®:
: .
H H (CH;) .
CTAB= . R(H;Cly . 1TCH?}2R . - .
i ; MCHahlr H . R(H,Clz CHER | w

H H (CHz)R

H R{H:C 2
Ll Chy)r 20 nm . . .

Figure 1.17.: Reaction scheme for the synthesis and surface ifumalized Ge quantum dots (left);

electron microscopy image, with electron di raction pattern insiet (right).[92]

For the conversion of monoorgano trihydrides of group Iezies (REH with E =
Ge,Sn) towards 3D polymers are, compared to respectivar lpaymers, only few
preparation routes publisheBigure 1.18 Interestingly, metal catalyzed dehydropoly-
merization was so far not applied to organotin trihydridas, to organogermanium
trihydrides as precursors. Choi and Tanaka applied zicem@obased catalysts for
the conversion of phenylgermane towards high moleculghtvpartly cross-linked
polygermanes at low temperatufé®¥! Recently, Uhlig and coworkers prepared 3D
metalorganic polymers for the higher group 14 homologyeusing an amine cat-

alyzed dehydrogenative coupling for the conversion ofotigetrihydrideg>8 103 104

12
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PhGeH; —one o™ -[(PhGeH)(PhGe)yl,- 1102
RSnH3 TME_?Q’_EES’RT> Sn@R [58,103,104]

Figure 1.18.: Methods to prepare group 14 organometallic 3D polym&slehydrogenative coupling.

A further eld eld of application for germanium based maads, which is gaining
recently increasing interest, is the usage as Li-alloyaugrede material in lithium ion
batteriesl19%109 Since graphite has, with 372 mAh/g, a relatively low theogdtca-
pacity, the usage of Ge, with 1623 mAh/g, as lithium alloyiragarial would increase
the capacity by a factor of four. Silicon would have an evghenicapacity value, but
compared to germanium it shows a*16wer di usion rate of lithium ion&%8 But
the major problem is the rapid capacity loss when using geamabased materials.
Currently, two major ways of of preventing this issue areeudiscussion. These are
on the one hand the usage of nanomaterials with the highéacas and so shorter
di usion ways in combination with the prevention of aggloatien andin-situ growth

of germanium nanoparticles within graphefe(re 1.19110 111

Figure 1.19.: Schematic representation of organogermanium nanapestiwithin graphene.
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2. Results and discussion

2.1. Synthesis of organogermanium halides and

hydrides

This work expands the synthetic e orts towards organogeioma halide and hy-
dride compounds in the Uhlig group, which were investightedVolf within her
PhD thesid3® In the process of her work, she developed a selective routed®
organogermanium monohydrides for ligands bearing stamianid irortho-position(22)
Furthermore, the reaction route towards organogermaniuimand trinydrides was
developed using sequential cleavage of organic ligandstwit acid. During her
work various novel organogermanium compounds were sieithesnd character-
ized, such as organogermanium monohydrides (e.g.3/ykGeH, 2,6 xylykGeH,
3,5 xylykGeH) which are here investigated usifi@e NMR spectroscopy, organoger-
manium dihydrides (2,5xylybGeh, 2,6 xylybGeH, 1 naphthy,GeH,) which are
within this work preparedia a high yielding reaction route or organogermanium tri-
hydrides (2,5 xylybGeh, 2,6 xylybGeH) which are here synthesizeth a high
yielding route and in addition fully characterized sinsemgal analysis techniques are
neglected there. The synthesis of organogermanium di- @ecidarides done within
this work was prepareda the reaction procedure used by Wolf for the synthesis of

2,5 xylykGeCl.
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2. Results and discussion

In contrast to the reaction procedure developed by Wialthe tri ation route, this
work focuses on the high yielding synthesis of germanestinyizipg the conditions
for the Grignard route and the separation of the di erent fiyel species. Moreover,
the newly optimized reaction route was used in order to peepathe one hand known
compounds to show the advantages of this reaction route anithed other hand to

prepare novel organogermanium compounds.

Within the work of this thesis, oranogermanium hydridestaidies were prepared and
characterized by NMR, IR, GCMS, HRMS, EA and, for solidglesiX-ray di raction
analysis. As residues for the synthesis of the organoroetattipounds were di erent
aromatic residues chosen. Three di erent xylyl isomens diierences in their steric
demand inortho-position were applied. 1naphthyl, which shows a larger aromatic
system, ang "butylphenyl, which should increase solubility in the glarprepara-
tion, were used as well. Furthermore, organogermaniunmditrénydride compounds
with the 2 ((dimethylamino)methyl)phenyl &) residue were synthesized, which
were prepared by hydrogenation of respective halides tratprepared at the Univer-
sity of Pardubice. The phenyl residue was used to prove l&etige reaction towards

trioganogermanium compounds with germanium aminophiesnks intermediates.

(Figure 2.}
[VaA¥aVaVa) [VaVAVAVA) [¥aA¥aVaVA)
3,5-xylyl 2,5-xylyl 2,6-xylyl
phenyl 1- naphthyl benzyl nbutyl phenyl

Figure 2.1.: Residues used within this work for the synthesisrghnogermanium compounds.

15



2. Results and discussion

2.1.1. Organogermanium halides
2.1.1.1. Organogermanium monohalides from aminophenolate complexes

In literature, organogermanium halides are most commaglyapedvia either conver-
sion of Grignard or organolithium reagents with Gé€Séctionl.2). For the synthesis
of organogermanium monohalides Wolf showed recently tbetise preparation of
this product class, if the aromatic residue used shows stemand irortho-position.
Nevertheless, for residues without this steric demandeéetion only proceeds selec-
tively towards tetraorganogermarlé3.in order to gain the desired organogermanium
monohalides for those residues an aromatic residue has tbeédeed using for in-
stance triic acid, which increases reaction time and desze isolated yields, since

such reactions display various side reactifiigufe 2.3.138

0.2 eq
RMgBr —Gec, = R4Ge

1) HOTf
R4Ge 2) LiCl or s RgGeC|

NH,CI
R = Ph, 3,5-xylyl, 2-naphthyl

Figure 2.2.: Synthesis of triorganogermanium chlorides with ligasdowing steric demand iortho-

position using tri ation route!?>: 38l

Thus, a more direct route for the synthesis of organogemnmanmmonohalides bear-
ing no steric demand iartho-position was highly desired. In 2017, Glavinetial.
reported the synthesis of various tetraorganogermaisgethe conversion of a hexa-
coordinated germanium quinolate complex with Grignardemes!'® Based on this
reaction procedure the usage of an aminophenolate comfuatieel quinolate complex
is supposed to hinder the reaction to the formation of tetbssituted germanes, which
can be explained by the additional steric demand whichrsdated by the secondary
amine functionality*13 This lower reactivity is able to decrease the reactivityiéidy

lower substituted organogermanium halidegy(re 2.3.
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2. Results and discussion

apLi, %igl4' Ge(ap),
Ge(ap), %‘;gﬁ R3GeCl
R =Ph

Figure 2.3.: Synthesis of triorganogermanium chlorides with ligasdowing steric demand iortho-

position using Ge(ap) as intermediate.

The reaction procedure towards the germanium aminopheen@z(ap)) involves the
synthesis of the aminophenol from catechol and subsequoevatzon with a lithiation
agent before conversion with GgCmportant feature of this reaction is that after the
conversion with Grignard reagents the starting aminophesuo be collected as the
hydrochloride species and potentially reused. Since tlwophenol residue is prone
to radical formation, all synthetic steps were performedeurargon atmosphere using
Schlenk and glove box technique. Furthermore, because the bbnd is prone to

hydrolysis, reactions were performed under exclusiontef waen possible.

Synthesis of 2,4{di{ tert {buty{6{( tert {butylamino)phenol (apH )

The synthesis of the apHvas derived from the literature known synthesis routes of
Blackmoreet al. and Chegereet al.. [113 114 |njtial use of the unmodi ed synthetic
route of Blackmore did not yield in desired conversion r&esn though the reaction
was re uxed for several days a conversion of about 50% wasebtand only 20%
could be isolated as pure, recrystallized product. In thdi e reaction procedure,
when } was used in catalytical amounts as promotor, 80% convevgasnreached

after one hour of re ux and about 60% was gained as puri ealated yield.
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Bu
Bu

NH; OH

OH + )< 0.leq.l,
- H,0
tBLI NH

By OH |
‘Bu

Figure 2.4.: Synthesis of 2,4{di¢rt{butyl{6{( tert{butylamino)phenol (apH).

Synthesis of Ge(ap),

Compared to germanium catechol complexes which have bepargd already in
1988, the synthesis of respective aminophenol complexegstaeported in 2008

by the group of Abakumov with 2,6diisopropylphenyl substituted nitrogen atom on
the aminophenol being the only known compound of this comgpolass up to this
point!112 They used a synthetic routéa an exchange reaction between germanium
tetrachloride and lithiunm-amidophenolate. Furthermore, the Baines group attempted
the synthesis of aminophenol substituted germanium co@gle the mechanochem-
ical procedure. However, no complex formation was obsenestly because the re-
actions were performed under ambient conditions with th@phenol susceptible to

radical formation.

Based on the successful synthesis of aminophenol subdtig@grmanium complexes

in the group of Abakumov, using lithiumramidophenolate, we assessed various lit-
erature procedures towards this reagent. Two main routesfaund for the prepa-
ration of di erent lithium o-amidophenolates, which are used in subsequent conver-
sion with metal halogenides. On the one hand, the reactiametéllic lithium with

a iminoquinoné!% 118 and on the other hand metallation of a aminophenol using
organolithium species, like BUEP 114 or LIN(TMS),!116,
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Bu
(6]
Bu
tBU == N
OLi I

R
Bu

IBU NLi
||Q OH
Bu

Figure 2.5.: Retrosynthesis of lithium{2,4{di¢rt {butyl{6{(organo)phenolate (apLi) R = tert{butyl,
(2,6{di{ iso{propyl)phenyl.

Synthesisiaboth reaction pathways was attempted wirhsitu conversion with Gegl

No product was gained when using the redox reaction, whidyslled towards a dark
green solution prior to conversion,