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Abstract

The thesis entitled “Chemistry of dipyrrinatogermylenes and -stannylenes ” presents the details
about the synthesis, characterization, stability, reactivity, and utility of dipyrromethene ligand
stabilized germylenes and stannylenes. This thesis is divided into the six chapters. A brief

description about each chapter is given below:

Chapter 1: This chapter presents brief details of heavier analogues of carbenes and protocols
to make them stable. Subsequently, several recent developments in the divalent chemistry of
heavier group 14 elements stabilized through various ligands are discussed. On the basis of

these discussions, the objectives of this thesis are also mentioned.

Chapter 2: This chapter describes general procedures for cleaning and drying of glassware,
purification of reagent and solvent, drying of solvents and gases, handling of air and moisture
sensitive compounds, and synthesis of ligands. The source of various reagents, crystallographic
details, and information regarding instruments used for characterization of compounds are also

provided.

Chapter 3a: When the lithium salt of meso-mesityldipyrromethene was reacted with tin
dichloride, bis-(dipyrrinato)tin(Il) complex 302 was obtained instead of the corresponding
stannylene  monochloride. It reacts with PdCl:(PhCN): and affords bis-
(dipyrrinato)palladium(Il) complex 303 through metathesis and not the stannylene stabilized
palladium complex. Nevertheless, lithium salt of a dipyrromethene with mesityl substituents
at the aa'-positions reacts with tin dichloride and affords air and water stable stannylene
monochloride complex ¥*DPMSnCl 305, which is still reactive. Thus, its reaction with lithium

hexamethyldisilazide and sodium-N-pyrrolide afforded stannylene amide



MesDPMSnN(SiMes)2 306 and  stannylene-N-pyrrolide  Y¢DPMSn-N-pyrrolide 308,
respectively. Interestingly, reaction of compound 306 with trimethylsilyl cyanide afforded the
first stannylene monocyanide ¥*DPMSnCN 307. All the novel compounds were characterized
by multinuclear NMR spectroscopy and the structures of compounds 302, 306, and 307 were

confirmed by single crystal X-ray diffraction studies.

Chapter 3b: A germylenemonochloride complex M“DPMGeCl 311 that is stable in water
containing solvents is isolated for the first time. Further, it reacts with cesium fluoride under
ambient conditions (non inert atmosphere and water containing (non-dried) solvent) for the
first time to afford water stable germylenemonofluoride ¥DPMGeF 312. Due to the usage of
MesDPM ligand, these germylenemonohalides (311 and 312) show fluorescence in the visible
region (555 and 538 nm, respectively). Compounds 311-312 are the first fluorescent
germylenemonohalide complexes and are characterized by multinuclear NMR spectroscopy.
The structure of both the compounds has also been proved by single crystal X-ray diffraction

studies.

Chapter 4: In Chapter 3b, the ability of air and water stable ¥*DPMGeCl 311 to react with
CsF under ambient conditions to afford another air and water stable germylene 312 was shown.
To probe this ability of compound 311 further, and to isolate hitherto unknown water-stable
germylene alkoxides and hydroxide, in this chapter, its reactivity with protic solvents, such as,
alcohols and water, was tested. Thus, the reaction of ¥*DPMGeCl 311 with alcohols (ROH)
in presence of one equivalent of cesium carbonate afforded the first water-stable germylene
alkoxides "*DPMGeOR (R = Me 401, Et 402, ‘Pr 403, ‘Bu 404). The reaction of ¥*DPMGeCl
311 with an excess of water and cesium carbonate under atmospheric conditions resulted in

the first water-stable germylene monohydroxide Y*DPMGeOH 405. Additionally, the
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reactivity of compounds 401-405 to yield other water-stable germylenes was also probed. The
reactions of ¥*DPMGeOR (R = Me 401, Et 402, 'Pr 403, H 405) with trimethylsilylazide and
trimethylsilylcyanide gave water-stable germylenes ¥*DPMGeN3 406 and ¥*DPMGeCN 407,
respectively. Interestingly, the reactions of ¥*DPMGeOR (R = Me 401, Et 402, 'Pr 403) with

trimethylsilanol resulted compounds 405.

Chapter 5: In the earlier Chapters 3b and 4, nucleophilic substitution reactions of ¥**DPMGeCl
311 were discussed. As germylenes are known to react with elemental chalcogens/chalcogen
precursors, alkyl halides, and suitable silver salts, the possibility of these reagents to react with
the first DPM ligand stabilized germylene monochloride is checked in this chapter for the
formation of DPM ligand stabilized germachalcogenides, oxidative addition products, and
germylene cations. In this regard, the oxidative of Y*DPMGeCl 311 with elemental sulphur
and selenium did not occur. However, germylene N-pyrrolide ¥*DPMGe-N-pyrrolide 501
reacted with elemental chalcogens (S, Se) and afforded the corresponding germachalcogenides
MesDPMGe(E)-N-pyrrolide (E = S 502, Se 503). Germylene monochloride 311 underwent
oxidative addition reaction with methyl iodide and gave the oxidative addition product
MesDPMGe(Cl)(Me)(I) 505 with limited solubility. Reaction of germylene monochloride 311
with silver triflate and silver hexafluoroantimonate(V) offered germylene triflate 506 and

cationic germylene 507 with a coordinating THF, respectively.

Chapter 6: Cyanosilylation of aldehydes with MesSiCN using stannylene cyanides
(MeDPMSnCN (307), (Bu2zATISnCN (602)) and germylene cyanide (M*DPMGeCN (407)) as
catalysts is reported. Further, the regioselective (2+3) cyacloaddition reaction of
aromatic/aliphatic azides with various aromatic alkynes was performed using germylene

stabilized copper(I) iodide complexes ([[Bu2ATIGe(CI)](Cul)Py2 (605) and ¥*DPMGe(Cul)-
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N-Pyrrolide (606)) as catalysts. Compound 606 was prepared through the reaction of

MesDPMGe-N-Pyrrolide 501 with one equivalent of Cul in DCM.
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Ay feurgiae sRefidH ok - R & IWEIRa” IRavor, d&or guiF, fRRdr, ufafear ek
ST difs @) FRRAT ard ST SR T & ITART & faavur Ugd o & | 98 R a8 st
H fauTfoid € Ul sreama & aR § U Widnd fqarur == e man 7

T 1: TE AT I fRR 1 & T H1aH 3R Weldhla & HRY ST &7 Tfera faaror vRgd R 8|
39 TRy, fafirs Tg & A1egd § fRR Wi & 14 Il &1 Y fguela vam fagr o gifemn gereit
IR faaR-fausf forar mar 81 37 9afefl & SnuR R, 39 MY & 54! &1 H Ieora [ g

S 2: T§ AT Hid P & UGl Bt THTS 3R J&M, SMfwHe 3R s &1 YfGHur, Wieded SR Gt
B gEM, a7 AR T & TG Tt Y R HRA, SR forffe & wxerur 3 fore WA= wferanaft &1 guf
R 71 fafte siftierdat, freamnithes fqarur SiR IfTeT & qerr aui & oy swimTe fbe T Iuesol &
IR H THSR B9 ot v far e B

eI 3 U: 919 feA SRARIES (SnCl) & F1Y AI-AARSEIRTIR & fafaw e &1 ufafesar 1 71 2R,
R Ao RS & a9 §9- (fSuiAel) foT (1) Sired 302 Ut far a1 471 T8 PAClL.(PhCN), & T1Y
ufaferar iar g SR A9- (Feufme)) Tafsaw (1) 7efeda & Hregm ¥ |fed 303 3d1 8 3R R el RR Tafsaw
TEt| R off, - UGl R ARYera uerdf & Wyt ST & fafiaw Tme o1 Seaartss & Ay ufafean
HT § 3R 74T 3R g FRR RIRSRY AlaiRIs s TRER ARyuaTawid 305 &l &, ot 3l +ff ufafsramia
21 39 TR, film sRmRifsdiaess ok Sifsam-ua-Ridiss & i gus! ufafear san: Wik
TARS 306 3R LAH-TA-IRI3S SHTHTHTH-T1-URIcss 308 &I et g1 faeewy o1d a8 & &
TRARaRd AT s & ury i 306 Bt Ufaferar 3 gl IR TAfIeH AerAE s As Ui 307
H1 yray™ fear it Iu=rg At o) Tg-faved TITHeR Wae R Idt ot faRiwar off sik Al &t WRa
302, 306 3R 307 U foheed Ta-X faac sreqg gRT gfd &1 718 ot

T 3 o Teh IRATHINGAIRIZS BRI ATSHTASIud 311 ST fb iy gad ot & fRR § ugell aR
SET-{THT & | ST SfaTdT, T8 JTaH TIRTZS & A1y aRah uikfRufaal (R Fafy argred sik =it gad (R-
) faemae & fore ufaferar #xar §) e IR od fRRR SREHMITARE MesDPMGeF 312 &1 U] 63 &



@I MesDPM ligand & JUINT o HRUT, 34 germylenemonchalides (311 3R 312 ) ﬁ[@'l%F & o ufadifa fgmmn
(hHXT: 555 3R 538 TqUH) | AT 311-312 Ugd WIRNE germylenemonohalide ] % 3R ag-ﬁuaa
TAUHIR Wae RbIU! BT AR 31 S DRIDT ) a1 Uov et febeeet Uad-X faaed= sreot § oft wnfa g2 21

3{EATH 4: 3T 3 St H, §AT SR U 1 FRUR &a HOSUTTHGS S 311 1 HUHUH & WY Uifshan 3 & forg
TRaR T FRUf o fore Uap SiiR BT ofR urt R Sitfaw 312 feama e o11 39 sfear 7, 311 3 difie &1 39
&A1 DI ST PR P o, TR 3T TP ST TT-FRR STHATA SHehlaTSd 3R TSRS B ST HRA &b
forg, I Wledeq, S Siehied 3R U & I1Y S9! Ufafshar, oifg &1 72 At 59 yaR, Hform see &
G &1 IR H THTGSUITHSISUd 311 1 TR (3RSATE) & 1Y Ufdferdr ¥ gga od-RR sHars—
TP [RTS AASUTHIAR (3R = HT 401, TT 402, TR 403, Tag 404) el 1| argrsod fRufct & dga
gt SR Hford ST & 3ifE I Hfd MesDPMGeCI 311 FT Tfdforar & IRUMRGRT Ugd Fa-FRRR
THATA A AR S IaTS & HUSUTTHGI ST 405 §31T| ST SHfARad, 30 UMH1-RR SRy Su - & g
AMHI 401-405 H1 wfafrar ot g @ I YRARENES 3R CRARNARRARS & Wy
ATSIPuasiaR (3R = Ht 401, T 402, MSYISIR 403, TI 405) &I ufafsparsif 4 FU: Fd-RR FHATY
ATSTTrSiuT 3 406 SR AUSUITASISHIEA 407 f&an| fod=™y d 98 § fo criuRaRiamia & Iy
ATSTTTASTSNIR (3R = HY 401, Te 402, JTSUIIMR 403) 1 Ufafsparsii 3 D! & uRum =T 4051

Y 5: UgS T 3 ff 3R 4 /), MsDPMGeCl 311 & ~Ffaaafaaterds Ufaeira= ufafearst w =af g2 &t o9
fo SfEfelit @Y Mfeie chalcogens / chalcogen precursors, alkyl halides, 3TR Jugad didl @auT & A1y wfafsar
P & fore ST o 8, Sied ligand & 39 & forT 39 SIHUH ligand fRR germylene AFIGIARS fRR I1y
gfafshar &1 & forw 39 ifiieHe! St THTGAT §, germachalcogenides RR, siiRfisfea tass Iarg, iR
Siftfei ey 9 Yeiy o, Aifcie Tew 3R JAFTH & 1Y MesDPMGeCl 311 FT ffaitsfed =&l gam
gTatitep, e T-frRidigs duSiiiursh-t-urRIdss 501 3 Hifde el (@F, J) & w1y ufafear
Iad @ 3R 3 SHafaasivhiRo fudidieast 3) -T7-RaRss @ = T 502, ¥ 503) UeH @11 A=
THIPRIES 311 TR 3MZSIeRS & WY SHiRiTsied taeiayfea ufaferar & &1 gafm 3R Tifid facad &



iqfisfea vemas Iare AaSidiuns (Fue) @ ) (31m8) 505 fear| saifelia fidaRE S 311 %1 36d Bwrar sik
T SRATHARTRECHNE (at) & 1Y HH: U TH-aAd THF & 1Y S STHRIC 506 3R BRI SR

507 1 URH B

3T 6: IARP P TY H WA T35S (HUSUTATITAHITT (307), (IBu2ATISNCN (602)) 3R SRAW
TS (ASIRTASISHIT (407)) BT IUTNT H3d §U A 3 THSHITA & 1Y TSNS Bt a1 &t St 3|
D AT, Woladided (2 + 3) JRAT B ArgdhlalieRH ufdafear / fafts i sdabsy & I Tdiwge
ST IARD & T H St R Tq1ET (311%) TATSss URIRT ([iBu2ATIGe (HTTa)] (FHg31TE) UT 2 (605)
IR DuSidiensht @figans) -TA-urRidss (606)) &1 IUAUNT fhar Srar g1 SRied H $s & SRS & 1Y
A HTTHS-TA-URRIAS S 501 H1 Ufdfsha & J1eqd ¥ qaR fova a AT
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