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Abstract

The thesis entitled “Aminotroponiminate Ligand Stabilized Ge(ll) and Ge(IV)
Compounds: Synthesis and Reactivity” presents the details about the synthesis,
characterization, and reactivity of various aminotroponiminate (ATI) ligand stabilized
Ge(ll) and Ge(lV) compounds. The thesis is divided into the six chapters. A brief

description about each chapter is given below:

Chapter 1: This chapter initially presents a concise overview on germylenes and the
protocols used in stabilizing them. Subsequently, several recent developments in the
chemistry of germylenes stabilized through various ligands are discussed. The earlier
work done on aminotroponiminate ligand stabilized germylenes is also briefly discussed

in this chapter. At the end, the objectives of the thesis are mentioned.

Chapter 2: This chapter describes, methods of drying solvents used in synthesis and
NMR spectroscopic studies, drying of gases, preparation and purification of starting
materials, handling of air, moisture, and thermally sensitive compounds. Commercial
sources of various starting materials are provided. Details regarding the instruments used
in synthesis and characterization of new compounds are given. Further, the details about

the software used for the theoretical studies and other purpose are also described.

Chapter 3: The fluorination of aminotroponiminate (ATI) ligand stabilized germylene
monochloride [(t-Bu).ATI]GeCl (130) with CsF gave the aminotroponiminatogermylene
monofluoride [(t-Bu)ATI]GeF (301). Oxidative addition reaction of compound 301 with
elemental sulfur and selenium led to the isolation of the corresponding germathioacid
fluoride [(t-Bu)2ATI]Ge(S)F (303) and germaselenoacid fluoride [(t-Bu)ATI]Ge(Se)F
(304), respectively. Similarly, the reaction of aminotroponiminatogermylene

monochloride [(i-Bu)2ATI]GeCl (131) with elemental sulfur and selenium gave the
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aminotroponiminatogermathioacid  chloride  [(i-Bu)2ATI]Ge(S)CI (305) and
aminotroponiminato-germaselenoacid chloride [(i-Bu).ATI]Ge(Se)Cl (306), respectively.
All the compounds (301-306) were characterized through the multi-nuclear NMR
spectroscopy and the single crystal X-ray diffraction studies were performed on
compounds 301, 302, and 304-306. Germylene monofluoride complexes 301 and 302
have a germanium center in distorted trigonal pyramidal geometry, whereas, a distorted
tetrahedral geometry is seen around the germanium center in germaacid halide complexes

304, 305, and 306.

Chapter 4: Reactions of ATI (ATl = aminotroponiminate) ligand stabilized germanium
p-oxo dimer 402 with Lewis acids (ZnClz, B(CsFs)3, GeClz, and SnCl,) in 1:2 molar ratio
resulted unique complexes 403-406 of germanone containing formal Ge=O—M bonds (M
=Zn, B, Ge, Sn). This circumvents the need of germanones for the isolation of complexes
of germanones. All the compounds (401-406) were characterized through multinuclear
NMR spectroscopy and single crystal X-ray diffraction studies were performed on
compounds 402-406. The boron complex 404 of germanone showed a singlet at -4.52
ppm in their **B NMR spectrum. In °Sn NMR spectrum of compound 406 showed a
singlet at -151.02 ppm due to tin atom. The germanium center in complexes 403-406 of
germanone is tetracoordinate with distorted tetrahedral geometry. The length of the Ge=0
bond in complexes 403-406 of germanone is 1.726ay, 1.718(2), 1.718(2), and 1.728(5),

respectively.

Chapter 5: Reactions of an aminotroponiminato(i-propyl)germylene [(iso-Bu).ATIGe(i-
Pr)] (401) (ATI = aminotroponiminate) with ZnCl, and Cdl, in a 2:1 molar ratio in THF
afforded aminotroponiminato(iso-propyl)germylene stabilized ZnCl, and Cdl. complexes

[{(i-Bu)ATIGe(i-Pr)}2(ZnCl2)] (501) and [{(i-Bu)ATIGe(i-Pr)}»(Cdl2)] (502) with
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monomeric ZnCl, and Cdl; cores, respectively. Similarly, reactions of [(i-Bu)ATIGe(i-
Pr)] (401) with ZnCl; and CdlI> in a 1;1 molar ratio in THF resulted [{(i-Bu).ATIGe(i-
Pr)(ZnCl2)}2] (503) and [{(i-Bu)2ATIGe(i-Pr)(Cdl2)}2] (504) with dimeric ZnCl, and
Cdl> cores, respectively. Interestingly, an interconversion between the monomeric and
dimeric zinc and cadmium complexes (501 « 503 and 502 < 504) can be achieved
under suitable conditions. The reactions of compound 504 with N2O, elemental sulphur,
and selenium, resulted germanone, germathione, and germaselenone stabilized ZnCl>
complexes 403, 505, and 506, respectively. Compounds 501-506 have been characterized
by multinuclear NMR spectroscopy and single crystal X-ray diffraction studies were

performed on compounds 501-504 and 506.

Chapter 6: Reactions of aminotroponiminate (ATI) ligand stabilized germylene
monochlorides [(R)2ATI]GeCl (R = t-Bu 130; i-Bu 131) with AgOTf produced
germylene cations with weakly coordinating triflate anions, [(R)2ATI]GeOTf (R = t-Bu
601; i-Bu 602). But, the reaction of [(i-Bu)2ATI]GeCl (131) with GaCls afforded a
dicoordinate germanium(ll) cation [(i-Bu).ATIGe][GaCls] (603). The reactions of
compounds 601 and 602 with Lithium iodide led to the isolation of germylene iodide
complexes [(R).ATI]Gel (R = t-Bu 604; i-Bu 605). Compound 602 acts as a catalyst for
hydroboration of various carbonyl compounds. Compounds 601-605 were characterized
through multi-nuclear NMR spectroscopy and single crystal X-ray diffraction studies

were performed on compounds 602 and 603-605.
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TRFRIATE s fRR Ge(ll) 3R Ge(lv) HURETH: AR Ts fufdefad & e, demor guf,
3R faftr wfreaiAde @ders) firis fRR Ge(ll) 3R Ge(lv) TfH! & IR # faarur 31 59 Ak
DI T8 ATl B fauTiord fasar T 8 | U e & 9 § U Wien faaror A femn man g

Y 1: 39 AT B & | St 1R Th WiE sfadiad 3R 35 [RRIGR0 & WHTd Heidbia
TR Rl & | 3P d1G, B8 forigd & A1 ¥ RR SiifHel= & xara= fagm & giferan geamsdl &R
=4 B T8 71 39 g § uiFfHe @dieg) foris fRR Siftfed wR ugd fpy M B wR oft
=l &1 TS g1 3 H, iy & Il &1 Ioora fhar T B

T 2: T 3T HT qU §, TYRATOT SR TITHAR WaRBIUS T, T} &l @M, daRt 3R
IS & URMAYS Trrh, arg, T4, ofiR I U ¥ Yag-=id el & Tara § IudT feu 9 ard
Teded &l EH & e | e urfie gmie & aftfsys S uer 6 Sid €1 v &
AT fbT T IUBRT 3R T G P &0 U B IR H SHBRI A TS g1 SHD 3],
Jgifde Srere 3R 3T L2 & g IuanT fbu U wTgeder & faavor +ff aftfa &

R 3: YAAIORAEAE @es) foife & Shftfa AaaRTSS [(-Bu).ATIIGeCl (130) & TTY CsF
forar o TSI AHI9RISS [(#Bu).ATIGeCl] (301) faaTl Hiftid Fewx 3R
Jafga & Wy AfE 301 Bt HiRNSfea sifafad ufafrar st owifaiRe wiRgs [(~
Bu),ATIGe(S)Cl] (303) 3R THRICHIRIG TARTES [(#Bu).ATIGe(Se)Cl] (304) B HHUT: T il &
33 gPR, TR AoRZs Bt ufafhdr [(-Bu)ATIGeCl] (131) Fifde Teh
R IAFgH & Y HU:  TEHRNHARAAISHIREIRS FARES [(~Bu).ATIGe(S)Cl] (305) 3R
TARERE- SRR TaRIES [(-Bu).ATIGe(Se)Cl] (306) §dT & | Taft AT (301-306) BT
IG-TRUTY] TTUHSR WagRPIUl & Hed ¥ @ 1 o7 3R Tohd fohed T faaaH siema
AMBT 301, 302 3R 304-306 W T war o411 Siffelia MATRRIES oRERy 301 3R 302 # fagd
Bty fMRiffrs sarfifa & te S & 8idT 8, Sieie U fagpd colesd S SH-ad &g &
U RIS a3 s URTRY 304, 305 3R 306 H T ST 1

T 4: TSNS (@IS = TAAEfAfe) foffs ot ufafsrart 1: 2 ard) sruma o afew tirs (e
SRFARTSS, S SEaarss, o SRaaREs) & 1Y THATH p-oxo fEWR 402 RR &1 T
o UG S HTe & 1Y 403-406 30 URIRT & TRUTRGRY SUTes siafl gad =
3w s @ = Riw, IRm, THfgw, o) g8 ST & afeRl & ravmd & fo S &t
Sed 71 Gt AT (401-406) B Fg-faHed TTUHSR WeaeRaIdt & Areaw § fifa foar mar at
3R Ted foheed Ta-X faadH st it 402-406 TR faaT 4T UT| 999 SRS 404 STHAM 3
3T 11 o TILHSR WagH H -4.52 GHid W 1 RiTa feamn 119 TauA tHugeR Wagd &
HUSE 406 T fed TRAT] & HRUT -151.02 Whew R te RiTa fe@mn | FH=+ & aReRt 403-
406 T STHATH &% fapd ceeesd SuIlfa & WY TerdIifee 81 S & TRl 403-406 H g
= B S P daTs AR 1.726 AT, 1.718 (2), 1.718 (2) 3R 1.728 (5) B

™ 5 THF gRT Harferd TRFICMIMEART (SMsuasi-uifue) & 2: 1 &6 3ud § T
T (SMS-Tifie) SHe [(~Bu).ATIGe(/Pr)]  (401) (TCISMS = UHFAICMIMAT) Bt




gfafsarstt & A1y zncl, 3R Cdl, e fRR zncl, 3R cdl, TRIRT [{(-Bu).ATIGe(-Pr)}2(ZnCl)]
(501) 3R [{(/-Bu)ATIGe(/-Pr)}(Cdl)] (502) & TTY WAMRE ZnCl, 3R Cdl, HR, HH:| I WRE,
THF & 1 ® 1 Q¢ U H ZnCl, 3R Cdl, & MY [(~Bu),ATIGe(/-Pr)] (401) Pt Ufafehamg [(-
Bu),ATIGe(-Pr)(ZnCl)]2 (503) 3R [(/-Bu)ATIGe(/-Pr)(CdI2)]. (504) SHHTT: STEHR ZnCl, 3R Cdl, HR
& 1Y | ey 91d 78 § for AFaRe SR fEaie Sar 3ik Fsfid uferi (501 < 503 3R 502
 504) & o9 U& SIREET Iugad Rt & ded U faran ST Il g1 N0, Meds T
AR JafTd & Ty AME 504 Bt ufafparst & uRUTRGEY HAL: SHAM, SIRATRE, 3R
AR fRR U ¥ zncl, TRIRT 403, 505 3R 506 T fRR 8 MW 501-506 F AMH! H TE-
faued TTEHSR WaeRa It 3R U fohed TRT-X fagdH e1eq 501-504 3R 506 AT W fHar
TR

T 6; TAARARATRT @ders) fafis ot ufafrang fRR ST AFIBRISS [(R),ATIGeC!] (3R
= T8 130, 3AE-§3 131) TCISNETEH & Y FHGR &7 Y ISHIC T & T1Y S HUlF o
JdTeH IR 8, [(R)ATIGeOTH] (3R = 1-§3 601, 3M3-§3 602) WG, [(~Bu).ATIGeCl] (131) &
1Y NOACIRHARISS &I Ufdfehal U fSHIfSe ST (1) B [(/-Bu).ATIGe][GaCls] (603) W™
IR ¢l fafam smategs & a1y At 601 MR 602 HI Ufafharstt & HRur Shiffde smareEs
[(R),ATIGel] (3R = E-§3 604; 3ME-3 605) §T g1 fafta Fraifaa et & gasaReH & oy
IERF & =0 B Qe 602 HT FRAT &1 601-605 & AIMD! B! Tg-URAT] TITANR Wag R &
TTegH F T T AT 3R Uhd fohved Tag-X faadH sreqge it 602 3R 603-605 TR fawam 7 o |
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