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Abstract

The thesis entitled “Ligand Stabilized Monochloro Metallylenes: Synthesis and Reactivities ”
presents the details about the synthesis and reactivity (substitution and adduct formation
reactions) of various germylenes and stannylenes. The thesis is divided into seven chapters. A

brief description of each chapter is given below:

Chapter 1: This chapter provides a brief overview of germylenes and stannylenes; their
synthesis and reactivity (such as nucleophilic substitution and adduct formation reactions) are
discussed. Based on these discussions, the scope and objectives of the thesis are also

mentioned.

Chapter 2: This chapter describes various basic aspects, such as cleaning and drying of glass
apparatus, drying of solvents used in synthesis and NMR spectroscopic studies, drying of gases,
handling of air and moisture sensitive compounds, synthesis of reported compounds, and
commercial sources of chemicals. Further, details regarding instruments used during/for

synthesis and characterization, and software used are also discussed.

Chapter 3: N-heterocyclic germylene acetate [(i-Bu).ATIGe(OAc)] (301) has been isolated
through the reaction of aminotroponiminatogermylene monochloride [(i-Bu)2ATIGeCl] (102)
with sodium acetate (ATI = aminotroponiminate) (OAc = OCOCH?3). However, an alternate
to compound 301 did not work; the reaction of compound 102 with silver acetate (AgOAc) for
12 h produced digermylene oxide stabilized AgCl complex [({(i-Bu)2ATIGe}20)2(AgsCls)]
(302) with an AgsCls core. The reaction of compound 102 with AgOAc when carried out only
for 30 min, afforded germylene acetate stabilized AgCl complex [{(i-
Bu)ATIGe(OAC)}2(AgCl)] (303) with a monomeric AgCI core. Interestingly, stirring a THF
solution of compound 303 overnight gave compound 302. The reactions of germylene acetate

301 with TMSCN, TMSCI, and TMSI afforded germylene cyanide [(i-Bu).ATIGeCN] (304),
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germylene monochloride 102 and germylene iodide [(i-Bu)2ATIGel] (305), respectively, via
the elimination of TMSOAc. Further, the germylene acetate stabilized platinum(ll) complex
cis-[{(i-Bu)2ATIGe(OAC)}(PtCl2)] (306) is obtained through the reaction of compound 301
with PtCI>(COD) (COD = 1,5-cyclooctadiene). In contrast, the treatment of compound 301
with 1.5 equiv of Znl, resulted in dianion separated bis(germylene cation) [{(i-
Bu)ATIGe}2(Zn2l6)] (307). Compounds 301-307 have been characterized by NMR
spectroscopy and the solid-state structures of compounds 301-303 and 306-307 were confirmed

through single-crystal X-ray diffraction studies.

Chapter 4: The isolation of the first air-stable N-heterocyclic germylene stabilized
palladium(I1) complexes is achieved by reacting aminotroponiminatogermylene monochloride
[{(i-Bu)2ATIGeCl] (102) with various palladium(I1) precursors (ATI = aminotroponiminate).
Accordingly, the synthesis and characterization of germylene palladium(Il) complexes [{(i-
Bu)>ATIGeClI}.PdCl;] (401), [{(i-Bu)2ATIGe(Cl)PdClI2}] (402) and [(i-
Bu)>ATIGe(Cl)Pd(allyl)CI] (403) are described in this chapter. Complexes 401 and 403 are
stable in air for 10 d, while the dimeric complex 402 is stable for 5 h only. A preliminary study
shows that complexes 401-403 are active as catalysts for Suzuki-Miyaura coupling reactions
in aqueous medium. The solid-state structures of complexes 401-403 have been confirmed by

single-crystal X-ray diffraction studies, and details are furnished.

Chapter 5: Aminotroponiminatogermylene stabilized Ru(ll) complexes and reactivity studies
on N-heterocyclic germylene stabilized ruthenium(ll) complexes were not know. Therefore,
this work reports the synthesis of aminotroponiminatogermylene stabilized ruthenium(ll)
complexes [L1Ge(X){RuCl2(Y)}] (L1 = (i-Bu)ATI; (ATl = aminotroponiminato), X = CI 501,
NC4H4502, Y =#°-p-cymene), and the reactivity studies on complex 502. N-pyrrolylgermylene

stabilized Ru(ll) complex 502 reacts with H.O and SnCl, to afford hydroxygermylene
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stabilized ruthenium(ll) complex [L1Ge(OH){RuCl2(Y)}] (503) and a bimetallic complex
[L1Ge(NCsH4){Ru(SnCI3)CI(Y)}] (504), respectively. The chlorogermylene analogue
[L:GeCI{Ru(SnCI3)CI(Y)}] (505) of complex 504 is also isolated by reacting complex 504

with chlorotrimethylsilane.

Chapter 6: The reaction of aminotroponiminatogermylene pyrrole [(i-Bu)2ATIGe(NCiH4)]
(102a) with dimesitylboronic acid afforded germylene dimesitylboroxide [(i-
Bu)>ATIGe(OB(Mes)2)] (601) (ATI = aminotroponiminate; mes = mesityl). The reaction of
compound 601 with GeCl-(1,4-dioxane) and SnCl, produced dimesitylboroxide stabilized
germylene monochloride [{(Mes).BOGe(Cl)}2] (602) and stannylene monochloride
[{(Mes).BOSNn(CI)}.] (603), respectively. Compound 102 was formed as a side product in
these reactions, which was not separable until now. However, the reactions of the in-situ
generated lithium salt of dimesitylboronic acid with GeCl-(1,4-dioxane) and SnCl in a 1:1
molar ratio offered exclusively compounds 602 and 603, respectively. Compounds 601-603
were characterized through multinuclear NMR spectroscopy, and single-crystal X-ray

diffraction studies were performed on compounds 602 and 603.

Chapter 7: Novel chiral N-heterocyclic germylene [(L)GeCl] (701) containing chiral amido-
oxazolinate is isolated as a stable species (L = (4S)-4,5-dihydro-2-[2'-(2,6-
diisopropylanilino)phenyl]-4-iso-propyloxazole). The first examples of chiral germylene
acetate [(L)GeOAc] (702), triflatogermylene [(L)GeOTf] (704), isocyanatogermylene
[(L)GeNCO] (705), and siloxygermylene [(L)GeOSiPhs] (706) are obtained through the
nucleophilic substitution reactions of chiral germylene 701 with suitable reagents (OAc =
OCOCHs3; OTf = OSO2CF3). Chiral cyanogermylene [(L)GeCN] (703) is synthesized through
the reaction of compound 702 with TMSCN. The coordinating ability of chiral germylene 701

towards ruthenium(ll) and palladium(ll) precursors were examined and chiral germylene-
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ruthenium(1l) ([(L)Ge(Cl) RuClx(p-cymene)] (707)) and -palladium(Il) ([(L)Ge(CI)PdCl2]>
(708) and [(L)Ge(CI)PdCI2(t-BuNC)]) (709) complexes are isolated. Compounds 701-709
were characterized through multinuclear NMR spectroscopy, and single-crystal X-ray

diffraction studies were performed on compounds 701-702, and 705-707.
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R
S 3R R & Twavur 3R ufafsrareiedr @fawimg= sk sits e+ ufafsparsi
& IR T faaR0r yega Feil g1 R I1d sreardt | fquiiord 81 Ui s &1 Wi
EERUKICATSIRIBINS

3 1: I8 AT T 3R W o1 Tférd faavor Uee &rdr 8: 3% IAvur
3R vfafrareiiaar (R e fsieres Tfaite iR e o+ ufafeang) W == &t St
21 37 Tt & 3MyR IR N & g 3R Iexal &1 i Iceia fpar g

AT 2: T AT fafid gfardt ugqelt &1 qui #xal §, S S & IR0l &l Thls
3R WM, YA 3R TTTHSHR W e 10 - H Ugad Aledcd o1 G-, I BT
TG, BT 3R TH YagT2ie At o1 Tarerm, Raré fby 7 At &1 Ixamor, 3R
I Y XTI BT | $HD 37T, URAWUT SR T&for ofF & SR / & forg Jugh
febq ST a1et SRl SR FUINT febT T AT daR & aR H H fyaror R =r=if &1 71 &

3T 3: T-geR IS (Gad S THICT [(i-Bu)2ATIGe(OAC)] (301) BT HifguH THice
(ATI = TR & Iy TS IeaRISS [(-Bu)ATIGeCH]
(102) B ufafshar & Arend § el fhar a1 81 (3NTH = OCOCH3) | §Tdifd, HUNSS 301

P U fddhed BT gl Bl UT; 12 °e o oy R T (AgOAC) & ITY HUTSS 102
ot gfafepar ¥ I0d SRHAH RS RR AgCl T [({(i-Bu)ATIGe}:0).

(AgaCla)] (302) TH AgsCls HR & TTU | AgOAc &b 1Y AH 102 Pt Ufafsar sia dad 30
fire & o &t St 8, @ Sfeiy Tdide fRR AgCl BIRAdT [{(i-Bu)2ATIGe(0AC)}:

(AgCI)] (303) ) U HIFMARE AgCl HR & T1Y 98- Hdl ¢ | o s1d g8 & [ Hurds



303 & T THF 1 &1 Id R g™ & Hurds 302 firerar 51 Suruasiied, dreageriieg,
3R AuATgss & Ty il wHice 301 31 ufafparsit 7 Sffd RS (-
Bu),ATIGeCN] (304), SIftfelia HFIodRISS 102 3R Wi 3mAISEs [(i-Bu).ATIGel]
(305), THHRT: TMSOAC & I & HIEOH J| I A4, SIHeH THice RR Wfedd
(1) Sfed F3MSTI-[{(i-Bu)ATIGe(OAC)}(PtCl2)] (306) PCI(COD) & T1Y AP 301 Pt
yfaforaT & Hrea ¥ YT fosan STl 8 1 39 fAukld, Znl, & 1.5 3fed & 91y AT 301 &
SUER & URUMWGEU SHfed dRes domiud  @ffa M) [{i-
Bu):ATIGe}2(Zn2ls)] (307) B TTI AHI 301-307 P TITHIR WUl gRT fafd
o TTT § SIR Uahal-fobeed Ta-X faac sredi o Wienm ¥ it 301-303 3R 306-
307 B BIY-HIRIT A3 DT g &1 718 <t

AT 4: Tgd arg-RRR TA-gRIRfaaes Sifc fRR tafeay () ufvat &1 srerma
SRS AHARISS [{(i-Bu).ATIGeCI] (102) &I faftd Tafsaw ()
3fEd! (ATI = TFIORAT) & Ty ufafear e U fhar srar 8 1) deqaR, Sftfa
afesaa (1) IRERY &1 TRAWT 3R d&ur 9uiF [{(i-Bu).ATIGeCI}PACI] (401), [{(i-

Bu)2ATIGe(CI)PACLL},] (402) 3R [(i-Bu)ATIGe(Cl)Pd(allyl)Cl] (403) 39 3¢y H afofa

S | PIFIRT 401 3R 403 BT H 10 1 & foru RR €, Tafes feARe BIadiaRy 402 Had 5 °e

¥ foru fRR 81 T URYS 31eqaT T Ul Ioidl § P 401-403 SIiiaq Seiy Hiegd o
oy -fraraRT g ufafeanstt & o IaR® & *u § Uiy €1 tehd-fhed Ty
faad sremmml gRT URRRT 401-403 B S-S TAA18T @t gfY o1 713 B, 3R faavur

T e MU 5|



3T 5: RIS fRR Ru(ll) IRIRT 3R T3-favrasig wiffed= fRR
wUfFEE (1) IRl W ufafharfiaar semmm 3@ 8 91 s9foe, 98 ol
TFEOHEERNHdT RR FAFmm () ofERi & dxavor &t KUl axar 3
[L1Ge(X){RuClx(Y)}] (L1 = (i-Bu)2ATI; (ATI = TRAIRIUIMAED, X = CI 501, NC4H4 502
.Y = n6-p-cymene), 3R Sifed 502 W ufafsrareficdr srera= | T-ursiferasiafged fRR
Ru(ll) SIfed 502 H.0 3R SnCl, & 1Y wfaferar &rdl 8 oY ggsiaimfea fRR
A (1) B [L1Ge(OH)}{RuCl(Y)}] (503) iR Tsh fgurg ufwR
[L1Ge(NCsHa){Ru(SNCls)CI(Y)}] (504) SHHRI:| Sfed 504 &1 FARSIHGE TATANT
[L1GeCH{Ru(SNCl3)CI(Y)}] (505) Yt Sfed 504 P FARICHATSARIH & T1Y Hfdfehan
TP QT fopaT ST & |

AT 6: URHCOMEARSHGE URRIA  [(i-Bu)ATIGe(NCaH4)]  (102a) 1
SRARAERNE e & Wy ufafea Sffda  seafRdtaeaRidEgs (-
Bu)ATIGe(OB(Mes)y)] (601) (ATI = TRAICUIMFAS) ; A9 = ARIRRA)| GeCly-(1,4-
STS3HTRIM) 3R SnCl, P 1Y AT 601 P Ufafpar ¥ SARIERITRS RR s
AHITRIRISS [{(Mes):BOGe(Cl)};] (602) 3R R eiH HHIGRISS [{(Mes)2BOSN(CI)}-]

(603), BT IATG BIdT & | HH: | 3 fNfhara § HUKES 102 &) TH T3S WSde & =0

o g T o, O 31 b 3IRT o fohdT ST Webal ATl gidifds, 1:1 HeR Ut o
GeCly-(1,4-STZHTRIM) 3R SnCl, & 1Y SRARTSIRIAS TRIS & 37-3ie I forfyam
TS BI Ufafeharel 3§ HH: 602 3R 603 AMNDH! B UG H | ADBT 601-603 P TG-
TSI TIEHSR WSt & mey I R faar mar o1, 3R teha-fred Tag-X
faac 319 602 3TR 603 TITT WR by 7T |
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AT 7: ITINY A TH-gRsaad Sffeq [(L)Gecl] (701) fooH fra wfisl-
Sifaareiferic T 8, T fRR Uofa & &0 § gy 811 § (L = (4 TH) -4,5-STETEg)-2-
[2-(2) 6-STAEUR AT FEd]-4-SsH-Nugdaeia) | fRa SfifdH fice
[(L)GeOAC] (702), TTSURICISTHGI [(L)GeOTH] (704), SSHITSTEISIH [(L)GeNCO]
(705), 3R Ry [(L)GeOSiPhs] (706) & UgW IaTERUI ST SHHHBI (OAC
= OCOCH3; OTf = 0SO.CFs) & WY foR@ S 701 & gfoaaiftsiere dfcim=
yfafeparet & A1egH ¥ urd fHu od €1 R Irg=efdei= [(L)GeCN] (703) I
Auquadied & 1y Qe 702 P ufafesar & Ay 3 It fosar oar 8 1 =3 g (1)
3R TATSTH (1) 3RTEA! Bt 3R FoR@ SIfEfeli= 701 &t TH-ag & &1 i B1 1T3 3R R
ST =TaH® (1) ([(L)Ge(Cl) RuClx(p-cymene)] (707)) iR - Gafszw (g
([(L)Ge(CIPACI], (708) 3R [(L)Ge(ClPCI,(t-BUNC)]) (709) TRERI T ST fha ST
g1 AT 701-709 B TG-S I TTIHSMR WacbIUT & A1eqd ¥ fafyd fowam mar o,

3R Thd-fopted Tag-X faad 3reqa= 701-702 3R 705-707 A R fhu MU |
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