Abstract

The thesis titled “Syntheses, Reactivities, and Applications of Ge(II) and Ga(II) Cations”
provides detailed information on the isolation and characterization of germylene and gallium
cations, as well as the catalytic and biological applications of Ge(II) and Ge(IV) compounds.

The thesis is divided into six chapters, each of which is briefly described below:

Chapter I: This chapter will cover the latest advancements in the chemistry of germylenes,
germylene cations, and low-valent gallium cations. It will also highlight the catalytic and

biological applications of germylenes.

Chapter 2: This chapter describes the standard methods for drying and cleaning glassware,
which is essential for chemistry under inert conditions. The techniques for manipulating
compounds that are susceptible to moisture and air are provided. The ways of purifying and
drying organic solvents and gases, the synthesis and purification of starting materials, and
the details of instruments used to characterize the compounds are presented. Additionally,
the sources for several commercially available chemicals and the software used for solving

crystal structures and carrying out computational studies are provided.

Chapter 3: Catalysis using low-valent main-group compounds is usually done under inert
conditions; no example of such catalysis has been doable entirely in ambient conditions until
now. This aspect is addressed in this work through an air- and water-stable germylene cation
([DPMGe][(OH)B(CesF5)s3] (301) (DPM = dipyrromethene); it efficiently catalyzes aldehyde
and ketone hydrosilylations under ambient conditions. Detailed theoretical studies reveal that
compound 301’s stability is bolstered by the interaction between the anion and germanium’s
frontier orbitals. However, the detachment of the anion (in the solution) alters the capability
of compound 301 to render exceptional catalytic efficiency. Compound 301 was synthesized

under ambient conditions by the equimolar reaction of DPMGeOH (1021) with B(CesFs)s.



Chapter 4: The biological applications of germylenes are limited to only one germylene, i.e.,
dipyrrinate (DPM) stabilized germylene hydroxide DPMGeOH. Thus, in this chapter, efforts
have been made to expand the biological applications of germanium compounds. The
antiproliferative effect and antimicrobial activity of germylene cation 301 on human cancer
cell lines and bacteria (both Gram-positive & Gram-negative) are reported, respectively.
Compound 301 is also soluble in DMSO (up to 10 mM) apart from being air- and water-
stable. Further, it was anticipated that the fluorinated DPM ligands might increase the
efficacy and solubility of the germanium compounds in biological studies. Accordingly,
perfluorophenyldipyrromethene (PhfDPM) ligand stabilized Ge(I1I) (Ph¥DPMGeCl (401),
PhFDPMGeOH (402), [Ph"DPMGe][(OH)B(CsFs)3] (403), and PhFDPMGeNCsHy4 (405))
and Ge(IV) (Ph"DPMGe(Se)OH (404) and Ph*DPMGe(Se)NCsH4 (406)) compounds were
synthesized. Considering their stability under ambient conditions and solubility in DMSO,
the antiproliferative effects (on Huh7, HCT116, and A549) and antimicrobial activities (on
E. coli and S. aureus bacteria) of compounds 401, 405, 406 are studied and reported in this

chapter.

Chapter 5: The aminotroponiminate (ATI) ligand stabilized bis(germylene cations) are
unknown, and this chapter addresses this lacuna. For the isolation of these cations, ATI-
stabilized bis(germylene) [ATIGeOCsH4OGeATI] (501) was first synthesized starting from
germylene pyrrolide (ATIGeNC4H4; 210). In the reactions of compound 501 with GeCl»-(1,4-
dioxane) and SnCl,, auto-ionization occurred to yield the first examples of ATI ligand
stabilized bis(germylene cations) [ATIGe(MCl3).GeATI] (M = Ge 502, Sn 503). These are
also the first examples of the anion-separated bis(germylene cations), with both the cationic
germanium and the anionic germanium/tin centers exhibiting a formal oxidation state of +2. In
contrast, the reactions of compound 501 with transition metal chlorides [RuCl>(p-cymene)]2

and [PdClI(allyD]2 yielded complexation products [ATIGe(RuClz(p-



cymene))OCeHsO(RuCl2(p-cymene))GeATI] (504) and
[ATIGe(PdCl(allyl))OCeH4O(PdCl(allyl))GeATI] (505), respectively, and not the auto-
ionization products. Additionally, since no ATI-stabilized bis(germachalcogenoesters) are
reported, the reactions of compound 501 with elemental sulfur and selenium are pursued and
bis(thiogermaester) [ATIGe(S)OCsH4sO(S)GeATI] (506) and  bis(selenogermaester)
[ATIGe(Se)OCeH4O(Se)GeATI] (507) are synthesized successfully. All synthesized
compounds were extensively characterized through multinuclear NMR spectroscopy and

single-crystal X-ray diffraction techniques.

Chapter 6: Aminotroponiminate (ATI) ligands have extensively stabilized low-valent group-
14 compounds. However, ATI-stabilized compounds with group-13 elements in their normal
valency and low-valent states are hardly known. Considering this, after exploring the chemistry
of Ge(ll) cations using ATI stabilization, the synthesis of ATI-stabilized Ga(ll) cations is being
studied in this chapter. Accordingly, ATI-stabilized Ga(lll) dichloride ATIGaCl, (601) and
Ga(lll) cation [(ATI)2Ga]GaCls (602) are synthesized starting from aminotroponimine ATIH
(208). The reduction of compound 601 using 2.5 and 4.5 equivalents of KCsg led to digallane
dichloride ATI(CI)Ga—Ga(CI)ATI (603) and trigallane dichloride ATI(Cl)Ga-Ga(ATI)-
Ga(CI)ATI (604) with Ga(ll)-Ga(Il) and Ga(l1)-Ga(l)-Ga(ll) cores, respectively. The treatment
of compound 603 with AgOTTf resulted in ATI-stabilized digallane dication [ATIGa-
GaATI][OTf]. (605). The usage of a less bulky aminotropone ATH (207) as a ligand precursor
instead of the ATIH gave a pentacoordinate Ga(lll) monochloride (AT).GaCl (607). The
reaction of compound 607 with KCg led to a hexacoordinated Ga(lll) compound (AT):Ga
(608). Treatment of 607 with AgOTTf gave AT-stabilized Ga(lll) cation [(AT).Ga]OTf (609),
which further reacted with DMAP to afford DMAP coordinated Ga(lll) cation

[(AT).Ga<—DMAP][OTf] (610; DMAP = 4-dimethylaminopyridine).
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