Abstract

The thesis titled “Bis(germylenes) and a-DPM Stabilized Germylenes: Syntheses, Reactivities, and
Photophysical Properties” provides detailed information about the isolation, characterization,
reactivity, and optical properties of various bis(germylenes) and aza-dipyrrinatogermylenes. The

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

Chapter 1: This section highlights N-heterocyclic metallylenes and mainly focuses on N-
heterocyclic bis(metallylenes). The synthesis and reactivity of these compounds, including
nucleophilic substitution, reduction, oxidation, and metal complexation, are discussed.

Additionally, the objectives and scope of the thesis are outlined based on these discussions.

Chapter 2: This chapter describes the methods used for (a) cleaning and drying glassware and (b)
purifying and drying solvents that are commonly used in synthesis and NMR spectroscopy. It
details the preparation and purification of starting materials and handling air and moisture-sensitive
compounds. The sources of commercially available chemicals, information about instruments used
to characterize the synthesized compounds, and the software used for theoretical studies are also

presented.

Chapter 3: The activation of chemical bonds by germylenes is well-known; however, the same by
bis(germylenes) is hardly known. Therefore, this chapter presents the synthesis of a non-
functionalized bis(germylene) 300 that was obtained by reducing germylene monochloride [(i-
Bu)>ATIGeCl] (105f). The activation of the C-X and M-CI bonds of haloalkanes and halides of

metal/metalloids through this newly formed bis(germylene) 300 is demonstrated.

Chapter 4: Anticipating the potential of pyrrole-imine dimeric ligands (like 401) to stabilize

bis(metallylenes), this chapter reports the isolation of such derivatives 402-407 along with



bis(aluminum(I1)) derivatives 408-409. Compound 401 has been designed with bulky substituents
to stabilize low-valent main-group compounds. It was synthesized by formylating mesityl pyrrole
and reacting the resultant formylated derivative with hydrazine hydrate using acetic acid as a
catalyst. The bis(tetrylenes) 402-404 were synthesized by reacting ligand 401 with Lappert’s
metallylenes, E[N(TMS)2]. (E = Ge, Sn, Pb). Representative reactivity studies of these compounds
were performed using compound 402, and germylene derivatives 405-407 were isolated. The
bis(dimethylaluminum) complex 408 was isolated by treating compound 401 with
trimethylaluminium. Compound 408 was converted to bis(diiodoaluminum(lll)) derivative 409
with the anticipation that it would be a suitable precursor to isolate the bis(aluminum(l))
compound. All the novel compounds are thoroughly characterized through various state-of-the-art

techniques.

Chapter 5: The first examples of bis(germylenes) 503-507 and bis(germacarbonyl compounds)
508-510, stable in air and water, are reported. The bis(dipyrrinate) stabilized bis(germylene
monochloride) 503 is isolated starting from a bis(dipyrromethene) 502. It reacts with alcohols,
phenol, and sodium pyrrolide to afford bis(germylene alkoxides) 504-505, bis(germylene
phenoxide) 506, and bis(germylene pyrrolide) 507. Compounds 505 and 507 react with elemental
sulfur and selenium, resulting in bis(germacarbonyl) compounds 508-510. The optical properties of

compounds 502-510 are also studied experimentally and computationally.

Chapter 6: The possibility of using aza-dipyrromethene (a-DPM) ligands to stabilize compounds
containing low-valent main group elements is demonstrated through the isolation of germylenes, a-
DPM(p-tol)GeCl (601), a-DPM(Naph)GeCl (605), and a-DPM(Naph)GeN(TMS). (606) (tol =
tolyl, Naph = naphthyl). Because of the presence of the aza-DPM ligand, these germylenes exhibit
an absorption maximum at around 640 nm, a highly redshifted value previously unknown for

germylenes.
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