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Abstract

The thesis entitled “Syntheses, Reactivities, and Applications of Ge(lIl) Compounds and Catalytic
Applications of Sn(Il) Halides ” present the detail about the synthesis and reactivity of air and water
stable dipyrrinate germylenes and germacarbonyl compounds, along with its metal complexation and
catalysis using commercially available tin(II) halides. This thesis is divided into six chapters. A brief

description about each chapter is given below:

Chapter 1: This chapter briefly discusses various N-heterocyclic germylenes, which include the
reactivity of germylenes, such as substitution, oxidative addition, and metal complexation. Based on

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

Chapter 2: In this chapter, techniques commonly employed for cleaning and drying glassware,
purifying and drying solvents utilized in synthesis and NMR spectroscopic studies, and drying gases
are discussed. The preparation and purification of starting materials and ways of handling air and
moisture-sensitive compounds are presented. Also, the sources of various commercially available
chemicals, details of the instruments used to characterize synthesized compounds, and software

utilized for theoretical studies and solving crystal structures are given.

Chapter 3: Low-valent main group compounds that fluoresce in the solid state were previously
unknown. To address this, we investigated room-temperature photoluminescence from a series of
crystals of germylenes 302-307 in this chapter; they exhibited emissions nearly reaching the NIR.
Germylene carboxylates 302-307 were synthesized by reacting dipyrrinatogermylene pyrrolide 301
with carboxylic acids such as acetic acid, trifluoroacetic acid, benzoic acid, p-cyanobenzoic acid, p-

nitrobenzoic acid, and acetylsalicylic acid.

vi



Chapter 4: Metallylenes and metallacarbonyl compounds are the heavier analogous of carbenes and
carbonyl compounds. The use of these compounds to stabilize mercury complexes was not known
until now, and this issue is addressed in this chapter by forming the mercury complexes of germylene
pyrrolide 301 and germacarbonyl compounds 404-405 with Ge=E bonds (E = S 404, Se 405).
Compounds 301 and 404-405 gave mercury halide complexes 401-403 and 406-411 upon reactions
with mercury(II) halides. As compounds 301, 404, and 405 formed complexes with mercury halides
(HgCl> and HgBr2) even at a significantly low concentration (75 4M), and the resultant mercury
complexes (401, 402, 406, 407, 409, and 410) were reasonably water stable, the possible utility of
compounds 301, 404, and 405 for mercury remediation was studied. It was found that they could
remove mercury with an efficiency >99% in 10 min from a contaminated water sample having 20

mg/L of mercury halide.

Chapter 5: Though a few examples of germylene carboxylates are reported, their reactivity is hardly
explored; this chapter is devoted to exploring their reactivity. The reaction of dipyrrinatogermylene
acetate 302 with trimethylsilyl cyanide, trimethylsilyl azide, and trimethylsilyl iodide afforded air
and water stable germylene cyanide 501, germylene azide 502, and germylene iodide 503,
respectively. However, compound 302 didn’t undergo an oxidative addition reaction with elemental
chalcogens. Considering this, the reactivity of aminotroponiminatogermylene acetate 504 with
elemental chalcogens was checked. Compound 504 reacted with elemental sulfur and selenium to
afford germathioacid anhydride 505 and germaselenoacid anhydride 506, respectively, with a
heterogenous (E)Ge-O-C(O) moiety. The reaction of compound 504 -carried out with
tris(pentaflourophenyl)borane to isolate the corresponding adduct as a precursor for synthesizing the

germanium analog of acid anhydride through the acceptor-first approach gave an unexpected adduct

vii



507 with O—B bond instead of the expected one with a Ge—B bond. All the newly synthesized

compounds were characterized by multinuclear NMR spectroscopy and SCXRD techniques.

Chapter 6: A variety of carbodiimides are dihydroborylated by pinacolborane (HBpin) using
commercially available tin(II) halides [SnBr2 (601) and SnCl> (602)] as catalysts at room temperature
(21 °C) in short reaction times (0.13 to 6 h). The reaction mechanism for the dihydroboration of
carbodiimides has been illustrated through DFT calculations; the rate-determining step is the transfer

of the first hydrogen atom from a pinacolborane molecule to carbodiimide.
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Ge(ll) ATt & Tzawo, wfafsrareierdr, ok Sy 3R Sn(l) BASEY & SRS SIHRINT" v areft ARy
T 3IR U & fRR fEfire ses ok Sereia Dfe! & d=eur 3R ufafsharRiiadr & ary-ar $96!
T TTT & IR H AR TR Rcll § SR AaRe T & Judsy Sn(ll) s S! BT IUIANT IR IERUT|
g5 NI B sreardl # favTiord | U e o1 S faavor i fear man 6

3T 1: T8 3T &Y # Al TA-gemafaes sHATgea WR = &l g, forad Sl o1 ufafearefierdr,
S iR, sifaftSfed sitg SR urg Sfeedr e 81 37 gl & SR W, A & grR ok Il &
I fpar mar g

AT 2: 39 A H, At TR $ qa-1ioh! BT UaT I 711 § Sl SR UR Pid & il bl TbTs 3R
I, WA 3R TITHSR WICRDITUD S H SN by T aTet ied el &l Y& B 3R Y@M 3R
1 1 GEM P T IR BT M & | $0P SR, JHoeh AT &1 R SR ey, 9 8 51 iR
- TaeTRia At Bt g w o waf ) o ¥1 39 sremar, Rl araaiie U ¥ Sudasy e &
el & SR H SR, Y & HAd Aien! bt Fafered & o f7g SuaiT feby S arel SuepRunt SR diferep
ST SR foped WA B 5 HRA & U IUANT fbT I aTel Wit deR &1 faarw|

AT 3: Fg-3cie gy Ig Aifte S 3 sraw1 & wfadie 81 §, Usd S’id 31 38 Yaifid oA & farg,
T 39 3 H S 302-307 & fohied 31 Th 4@l ¥ SR & dIIHM BICI[RM &1 offd $T; S5
IS P T THIATSIR TP Uga BT UG fhar| Fufeia Fraifadccy 302-307 &1 thifes TRrS,
TERRITARD TRYS, deiiss TRTS, p-aIdslsd TRES, p-ggiasiss TRTS ok TRierseiciiis uiis
O aTallTeroliere RIS o WY fEUTgRACsiHIgel UIsRiags 301 WR Uidfhal e IR fobam T

ST 4: AT 3R Beribraiie A1 He 3R e QD! & HRY GHGE § | TRT URIR & RR
HRA & o 37 BT BT IUGRT 31d T I el T, 3R 3 e, 1 39 31ea19 W Ge=F TS (E = S 404, Se 405)
F 1Y SHIZA UERIASS 301 3R STHBTEHI TS 404-405 & URT URIR! BT AT B Iaifda fear
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T . A 301 3R 404-405 71 TR (Il) 3AZS b T1Y TRIHAT FA TR URT 30158 HIAiad 401-403 3R
406-411 U1 If% DTH 301, 404, 3R 405 7 FHTHT HH FigdT (75 xM) TR URT §ASIH (HgCl, 3R HgBr2)
F I HITIRT BT 16+ b, AR TR URT HIcad (401, 402, 406, 407, 409, 3R 410) ¥ FUII o
fRR, TRT ITIR & o A 301, 404, 3R 405 T FHIIT ST BT Sreaa b a1 Ig urn a1 & d
20 e /efier IR gamsS arel gid Uit & A & 10 e & 99% & 31 gardT & 1Y URT g2l Wdhd
gl

ST 5: Geilich ST BIaageIcy & HS I&TeRUl §dTT T &, Afb 37! Ufafsbariierar &1 T & ua
TR AT ] 98 ey e ufafmariiaar @ Ww & fow gaffa 31 csfusafafia wess,
TRUEaRifid Toss SR TRuRaRiiia s Iy feurgiaan i wiite 302 @1 ufafpa &
HH: T SR U H el WISES 501, SHA TS 502 31R ST SMrSTss 503 fRR 81 U gTaiias,
Qe 302 T M TTd®oH & Y RS s ufafrar 78t g3 | 39 &9 # 7@ gU, Hifeisd o &
1y TR wiice 504 @ ufafrareiear @t St @1 78| DfE 504 F Aiferd TEHR R
ITEH & ATy Ul haT b HHRL: THRIATIRIS TTEIESIES 505 R SHAAAINNS TTRI3gISS 506 P fawH
SHS-3N-3 (3N 3T & 1Y ve fhaT| wWidmdl-um e & o 3 TS TIRISgIss & SH-gH Tt
! GRANT B & T 3igd & =0 H Yeifid S Bl e F & Y g9 (@RI Ha) kA &
T T Qe 504 Bt ufdfshar 3 3fdd & S5 0—B TS & 1Y TH TARIT oIS 507 &1, Ge—B TS &
7| eft TE TR AT Bl 9g-TRUTY] TTUHSHR WaeRD Ul 3R TRITEISRS! adb-ie! gRT fafid fesar

T T

AT 6: FTTHIASIRT (TISNUH) FT ITANT TXb AN THR & SIEISIHREY SIeTIS G B HH
Ufdfshar T (0.13 ¥ 6 h) H SR & AUAM (21 °C) W IaRS & FY H A% U J Juesy fe (1)
BATSEH [SnBr2 (601) 3R SnCl; (602)] & HIeAH W faT 1T § | HIESHHIZSH & SISEISSIGRT Bt Ufafehar
T B S U & AreE A R fohar T g | SORU 1 eR-Fefkur wrur fRewiesig 3] @ BrelegaES
YRT BT 3R UGS TISIoH URHATY] BT VIR T |
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List of Symbols and Abbreviations

ATI aminotroponiminate h hour
% percentage HOMO | highest occupied molecular orbital
° degree HRMS | high-resolution mass spectrometry
°C degree centigrade Hz Hertz
uM micro molar ‘Bu iso-butyl
A angstrom 'Pr iso-propyl
€ extinction coefficient IR infra-red
0 (delta) chemical shift J coupling constant
A (lambda) wave length K Kelvin
Anal analysis Kcal kilocalorie
au atomic unit Kg Kilogram
lowest unoccupied molecular
bs broad singlet LUMO
orbital
Calced calculated L Litre
CDI carbodiimide m/z mass-to-charge ratio
cm centimeter Me methyl
cp cyclopentadienyl M Molar
COD cyclooctadiene Mes mesityl
DCM dichloromethane mg milligram
Dipp 2,6-diisopropylphenyl MHz megahertz
d doublet min minute
dd double doublet mL milliliter
DFT density functional theory MO molecular orbital
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DME dimethoxyethane MS mass spectrometry
El electron ionization mmol millimole
ESI electrospray ionization NHC N-heterocyclic carbene
Et ethyl NHGe N-heterocyclic germylene
g gram
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ppm parts per million "Pr normal-propyl
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Ph phenyl t(pseudo) pseudo triplet
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‘Bu sec-butyl t triplet
s singlet ‘Bu tert-butyl
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