Abstract

The thesis entitled “Metallylenes and Metallylene Cations as Efficient Catalysts for
Cyanosilylation and Hydroboration Reactions” presents the details about the synthesis and
reactivity (substitution and oxidation reactions) of various germylenes and stannylenes. The

thesis is divided into six chapters. A brief description of each chapter is given below:

Chapter 1: This chapter illustrates N-heterocyclic germylenes and N-heterocyclic stannylenes
by discussing their synthesis and reactivity (nucleophilic substitution and oxidation reactions).
Furthermore, the applications of N-heterocyclic germylenes and stannylenes as catalysts are

discussed. Based on these aspects, the scope and objectives of the thesis are mentioned.

Chapter 2: This chapter details cleaning and drying glassware, drying of solvents for synthesis
and NMR spectroscopy, drying of gases, handling of air- and moisture-sensitive compounds,
synthesis of previously reported compounds, commercial sources of chemicals, and
instruments used for synthesis and characterization. Additionally, it mentions the software

utilized for the thesis work.

Chapter 3: Stannylenes have gained significant attention as catalysts in recent years. There
was no example of a functionalized stannylene functioning as a catalyst for the cyanosilylation
of aldehydes. Accordingly, this chapter describes the synthesis of functionalized stannylenes
(stannylene amide 302, stannylene pyrrolide 303, stannylene acetate 304, and stannylene
cyanide 305) and the catalytic application of compound 305. The first stannylene cyanide
[(L)SnCN] (305) can be obtained using the substitution reaction of either stannylene amide [(i-
Bu)2ATISNN(SiMes)2] (302) or stannylene pyrrolide [(i-Bu)2ATISn(NCsH4)] (303) or
stannylene acetate [(i-Bu).ATISn(OCOCHz3)] (304) using an excess of trimethylsilyl cyanide

(L =aminotroponiminate (ATI)). Catalytic cyanosilylation of a range of aliphatic and aromatic



aldehydes was performed using 0.1-2.0 mol% of compound 305 at rt—50 °C under solvent-
free conditions in 0.33—2.0 h. The isolation of a structurally defined intermediate confirms the

mechanism of this catalytic process.

Chapter 4: In the previous chapter, the catalytic ability of a neutral metallylene in the
cyanosilylation of aldehydes was demonstrated. This chapter is devoted to catalysis by a
cationic metallylene. Accordingly, the synthesis of two new metallylene cations, [(i-
Bu)2ATIGe][B(CeFs)4] (401) and [(i-Bu)2ATISN][B(CeFs)4] (402), and the Ge(Il) cation’s
function as a catalyst in the cyanosilylation of aldehydes and ketones are showcased.
Compounds 401 and 402 were obtained by reacting germylene monochloride [(i-
Bu).ATIGeCl] (101) and stannylene monochloride [(i-Bu)2ATISnCI] (301) with [NaB(CsFs)a],
respectively (ATI = aminotroponiminate). The catalytic cyanosilylation of various aldehydes
and ketones using 0.075-0.75 mol% of compound 401 was achieved in 5-45 min. The catalytic
efficiency seen with aliphatic aldehydes was around 15800 h; this makes compound 401 the

best low-valent main-group catalyst for the cyanosilylation of aldehydes and ketones.

Chapter 5: Though various stannylenes and stannylene cations are used in homogenous
catalysis, bis(stannylenes) and bis(stannylene) cations are hardly explored as catalysts.
Although several types of bis(metallylenes) and bis(metallylene) cations are known, a class of
bis(metallylene) cations where a dianion separates two stannylene cation moieties is unknown.
Accordingly, this chapter illustrates the preparation of dianion-separated bis(stannylene)
cations and their catalytic applications for aldehyde and ketone hydroboration. The dianion-
separated bis(stannylene) cations [(i-Bu)2ATISn2(Zn2le)] (501) and [(i-Bu)2ATISn2(Znl4)]
(502) are obtained by reacting stannylenes (302-304) with Znl, in a molar ratio of 2:3 (501)
and 1:1 (502) in toluene and THF, respectively (ATI = aminotroponiminate). Compounds 501

and 502 are the first examples of anion-separated bis(stannylene) cations. Remarkably,



compounds 501 and 502 are found as the most efficient catalysts for the hydroboration of

aldehydes with TOF values of ~150,000 ht.,

Chapter 6: This chapter presents the attempted synthesis of stannacarbonyl compounds
through various strategies. Stannacarbonyl compounds are the tin analogs of carbonyl
compounds with a formal Sn(IV)=0 bond. Although several silacarbonyl and germacarbonyl
compounds are isolated as stable species, there has been no report on stannacarbonyl
compounds until now. This chapter presents the attempted synthesis of stannacarbonyl
compounds through various strategies. In the donor-first approach, aminotroponiminatotin-z-
oxo dimers 603, 604, and 607 were prepared as precursors. The reactions of dimers 603 and
604 with Lewis acids, such as SnClz and GeClz-1,4-dioxane, resulted in Sn(IV) compounds
605 and 606, not the desired stannacarbonyl compounds. Also, the reaction of compound 607
with Znlz gave the salt [(i-Bu)2ATIH2][Zn2l6][H2ATI(i-Bu).] (608). Considering these results,
the other strategy, the acceptor-first approach, was tried. In this method, stannylene—Lewis
acid adduct must be isolated first and then reacted with an oxygen source. Accordingly, the
reactions of stannylene amide 302 with SnCl» and GeCl»-1,4-dioxane were carried out; instead
of the expected stannylene adducts, stannylene monochloride 301 and
aminogermylene—SnCl, adduct 609 were obtained. Similarly, stannylene pyrrolide 304’s
reaction with Lewis acid B(CsFs)3 afforded stannylene cation [(i-Bu)ATISn][B(CsFs)3(py)]
(610) and not the desired adduct. Considering all these difficulties encountered with isolating
stannacarbonyl compounds with formal Sn=0 bonds, the reactions of stannylenes 302, 303,
and 305 with elemental sulfur were pursued to isolate thiostannacarbonyl compounds with
Sn=S bonds. Though these reactions did not afford the expected results, a tin-sulfur cluster
[{(i-Bu)2ATISN}4SneS10] (611) with a SneS1o core was obtained for the first time from

stannylene.
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