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Abstract

The thesis entitled “Dipyrrinate and Aminotroponiminate Ligand Stabilized Ge(ll) and Ge(1V)
Compounds: Synthesis, Reactivity, and Biological Applications” presents the details about the
synthesis, and reactivity of water stable dipyrrinate germylenes and germacarbonyl compounds,
along with the oxidation products of aminotroponiminato germylene metal complexes. This thesis

is divided into the six chapters. A brief description about each chapter is given below:

Chapter 1: This chapter describes N-heterocyclic germylenes by talking about their synthesis and
reactivity (nucleophilic substitution and oxidation). The applications of germylenes and
germacarbonyl compounds as ligands for the isolation of transition metal complexes are also

briefed. Based on these discussions, the scope and objectives of the thesis are mentioned.

Chapter 2: This chapter presents the methods employed for cleaning and drying of glassware,
purification and drying of solvents (used in synthesis and NMR spectroscopy), and drying of gases.
Additionally, preparation and purification of starting materials and handling of air and moisture-
sensitive compounds are discussed. The source of various commercially available chemicals is
provided. Details regarding instruments used to characterize the synthesized compounds and

software used for theoretical studies are also presented.

Chapter 3: The germylenes require an inert atmosphere for their stability. If they are made stable
under ambient conditions, their applications in various fields can be explored. Accordingly, this
chapter will describe the synthesis of air, water, and culture-medium stable germylene hydroxide
DPMGeOH (303) and its biological applications. Compound 303 was synthesized under ambient
conditions from germylene monochloride DPMGeCl (302) using an excess of cesium carbonate.

The reactions of air and water stable germylene monochloride DPMGeCl (302) with alcohols,
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methylating agent (MeOTf), and fluorinating agent (CsF) offered germylene alkoxides
DPMGeOR (R = Me (304), Et (305), 'Pr (306)), cationic germanium(lV) compound
DPMGeCl(Me)(OTf) (307), and germylene monofluoride DPMGeF (308), respectively.
Interesting conversion of germylene alkoxides 304-306 to germylene hydroxide 303 is also
discussed. The air stabilities of compounds 302-304 were monitored for up to 10 days and were
stable. The compounds 302, 303, and 304 were stable in water for 36 h, 5 d, and 6 h, respectively.
The antiproliferative effects of germylene 303 on human cancer lines (HeLa, MCF7, and Huh7)
and normal epithelial cells (Vero) were studied using MTT, Trypan blue, and colony formation
assays. Compound 303 exhibits comparable/better antiproliferative effects than that of cisplatin,
depending on the cell studied. The cytotoxicity of compound 303 on normal epithelial cells is

minimal, and this aspect is similar/marginally better to that of the currently used anticancer drugs.

Chapter 4: As the isolation of air and water stable germylenes and the demonstration of their
biology applications were possible, the synthesis of hitherto unknown air and water stable
germacarbonyl compounds with Ge=E bonds (E = S/Se) are attempted in this chapter. The starting
materials used to synthesize these germacarbonyl compounds are dipyrromethene ligand stabilized
hydroxygermylene 303, ethoxygermylene 305, phenylgermylene 401, thienylgermylene 404, and
aminogermylene 411. Germylenes 401, 404, and 411 were isolated using monochlorogermylene
302. The reactions of germylenes 401, 404, 303, 305, and 411 with elemental sulfur and selenium
powder in toluene at ambient conditions afforded the corresponding germacarbonyl compounds,
i.e., germanones 402-403, 405-406, germacarboxylic acids 407-408, germaesters 409-410, and
germaamides 412-413 with Ge=E bonds (E = S/Se), respectively. Interestingly, all these
compounds are air and water stable. The attempted synthesis of germaaldehyde A through the

reaction of germylene hydroxide 303 and alkoxides 304-305 independently with water borane



adduct (H20'B(CeFs)3) afforded a germylene cation 414 with a weakly coordinating
[(OH)B(CsFs)3]” anion. Preliminary reactivity studies of the first air and water stable
germacarbonyl compounds 412-413 with copper(l) halides resulted in the first air and water stable
germaamides stabilized monomeric (415, 416) and dimeric copper(l) halides complexes (417-

420).

Chapter 5: The catalytic utility of germylene stabilized zinc complexes is rare, and there is no
report on their use as hydroboration catalysts. This chapter addresses this issue by studying the
aminotroponiminate  germylenes  stabilized zinc  complexes. The reactions of
monochlorogermylene [('Bu)ATIGeCl] (101q), germylene pyrrole [(‘Bu)2ATIGeNCsHa] (101r),
and aminogermylene [(Bu);ATIGeN(TMS),] (101v) with Znl; in tetrahydrofuran resulted in the
germylene  stabilized zinc iodide complexes [(‘Bu):ATIGeCl—ZnI(THF)] (501),
[(Bu)2ATIGeNC4Hs—ZnI(THF)] (502), and [(‘Bu):ATIGeN(TMS),—Znl(THF)] (503),
respectively. The synthesis of germylene stabilized dimeric zinc complexes with Znzls core
[(Bu)2ATIGeN(TMS)2—(Znl2)]2 (504) and [('Bu)ATIGe'Pr—(Znl2)]2 (505) are also reported.
Further, the catalytic application of germylene stabilized zinc complex [(Bu),ATIGe'Pr—(Znl,)].
(505) for the hydroboration of aldehydes and ketones is shown. Compounds 501-505 were
characterized through multinuclear NMR spectroscopy, and single-crystal X-ray diffraction

studies were performed on compounds 502-505.

Chapter 6: As the reactivity of germylene stabilized zinc complexes are hardly known, this chapter
is devoted to the study of their reaction with chalcogens with an objective to isolate Lewis acid
(Znly) stabilized germacarbonyl compounds. Here, the synthesis of germaacid chloride
[(Bu):ATIGe(E)Cl—Znl(THF)] (E = S (601), Se (602)) and the germaamides

[(Bu).ATIGe(E)N(TMS).—ZnI(THF)] (E = O (604), S (607), Se (608)) are reported as their zinc



iodide complexes. The synthesis of bisgermacarbonyl compounds, i.e., bisgermaamide
[(Bu)2ATIGe(O)N(TMS).—(Znl2)]2 (605) and bisgermanones [(‘Bu)ATIGe(E)'Pr—(Znlz)]2 (E
=0 (609), S (610), Se (611)) as their dimeric zinc iodide complexes are also discussed. Further,
attempted reactions of germylene pyrrole stabilized zinc complex 502 with N2O and S/Se leading
to the formation of a cationic cyclotrigermoxane 603 with capping ps-0xo ligand and an

unidentified mixture of products are discussed, respectively.
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AR

AR i » sEuRihe ik tiFkNRftRe s Rfeass Ge(l) 3R Ge(Iv)
Hudey: RiARM, Rufdefad, sk sriaifed teieRe ut & RR fursiae Sffd=
IR ST et & Teavw, 3R ufafpariadr & g TR sHigda
T URERT & 3iTerfiepRur IaTe 3 &R H faarur vgd a1 2 | I8 R 3 sreamai # fauifra
8| U Y &b IR H Fiared faazor = faar man g:

AWM 1: 39 AN § T-eRNNaad wHsdH & Savu R yfafearsfiad
(g fthfere Uit SR SifaiierRun) & R § Ui foba T 81 TehHuT U1g IRERI &
3eTId & forg ferife & wu & Safzdq ofR smiwreia daiftet & sruar & ar & off
TSR & 715 g1 39 Tl & YR W AT & iR 3R Il &1 Ieara fbar g

ST 2: Tg 3 B &b -l P TBTs AR &M, Fiedeq B Yl IR @M (FRAT0T
3R TIUHSIR Wee R H Tgad), 3R 141 o @ & forg faifora faferal &1 uxqa
T 1 3P IffaRad, URMI® Tl 1 gt 3R YEHRu 3R gar 3R TH-TaeT=ie Aifte)
@1 TSier R =l ot 7 1 faftre s Eu ¥ Iuesy I & Hid UeH By e B
Hgifcrep g & foy STl fob U T i Afepl 3R e adR bl e B o ey
JUANT fHT T aTet JuHoi & IR H faavor ot iR fosan man g

ST 3: STHTS T ol 31U+ fRIRAT & 1w T AfSpy TRy & savgedl gidl g | e 35
gfeaeh ufkfRufaal & fRR s ST 8, 31 fafte &3 & 3 Sy &1 UaT ST off abdl

81 dEIUR, I8 3¢ §aT, UHT 3R culture-H1eqH fRR SHTSAH SESIRITES DPMGEOH
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(303) 3R 3P Wfde YA F TLAYUT o1 Jui HXTT| Aiffies 303 ) Horaw wrafc Bt
BT BT IYANT Hb SHZe AHIGARISS DPMGeCl (302) ¥ ufkasht uRkfufoat &
RN fobar T U1l Teblgd, FAUTEHieT Toie (MeOTH), 3R TRRART Toie (CsF) & |1y
BT 3R T} FRR SHgedH A adRISS DPMGeCI (302) ot Ufafdaratt 3 Sffeiy tewiaags
DPMGeOR (R = Me (304), Et (305), 'Pr (306)) B! UG &I , 4IAMT Ge(IV) WD

DPMGeCI(Me)(OTf) (307), 3R WA ANUARISS DPMGeF (308), AT | SHIZH
TP RIS 304-306 HT SHISH SRSIRISS 303 H feeraey TRyl R t ==f &t 712 g
QDT 302-304 BT IY FRRAT BT AR 10 &l 0 @1 75 3R 9 FRR A1 Aiffi 302, 303,

3R 304 UTt & HHT: 36 h, 5 d, 3R 6 h & forw fRR Y| AT HIR AZAT (HeLa, MCF7, and
Huh7) 3R TR IUGal BHIRBGISH (Vero) TR AT 303 & wifcrofed yymal o
3T THEA, RUF & 3R P! T3 TRW BT SUTART S fhdT T UT| HUTIS 303
3T fhU T T & SMYR R Rifes &t gor H ga-a/dgar Cemfehefea uua uefia
T ¢ | T JUHAT HIRABIA TR AMH 303 Pt WRelelauie! IaaH g, 3R I8 Ueq
Faa™ | SUANT Bt A1 aTelt UEidheR garsit & U/ U ¥ 38R 6

AT 4: Yfh §aT 3R UM & fRR THIZA BT ST 3R I Si1g A= ST &1
TERM ST T, 59 ST | 319 T ST 54T 3R U & R SHTdBIEI-d ARTh! & Ge=E
1S (E = S/Se) P TR BT AT a1 71 |1 377 SHTDIE- AD] Bl TRANT B &
fT TN & I aTel! RS Tl § SRuiadF s Waass gRgiRismisaH
303, TYIFESTATS A 305, hiNaerargal 401, FATRASHIgT 404 3R TEFISHTSHN 411 |
STATSEI 401, 404, 3R 411 B AFIGARISHISHI 302, BT SUTNT HX P TR [T TT |
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ST 401, 404, 303, 305, 3R 411 TRa=h uRfXufaal & g # Mee Tewe 3R
TATH UT3ER & 1Y &I SHBTEI AIRTD] DI ag Bl &, ST, STEAM 402-403,
405-406, STHIGREIGATCIH TRIS 407-408, STHECR 409-410, 3R STHHIZEY 412-413 Ge=E §18

(E = S/Se) & 1Y, HHTT: | faerery a1d g g & 3 Il aiffies gar SR Uit fRR g1 sHfgedA

TIESITIZS 303 3R Tedh RIS 304-305 B! W &Y H UM & §IRT TSFE (H20-B(CoFs)s)
ot Ufdfhar & A1erH ¥ S YRIfAT 414 Th HHSIR IHGY [(OH)B(CoFs)s | 30 &
Y g8d fhan SIWR() §AR8d & I SHIGEIHA Dl 412-413 & URMN®
gfafhareiied 3ead- & URUMHERST Ugell gaTl 3R UMl RR wHiAzed RR A-HmRe
(415, 416) 3R fSSTZTARS HIR(1) TARYH BRI (417-420) Ht U fHar T g

ST 5: T FRR Rieh PIcia Bt SORS TN GaH 8, 3R TSR SRS
& FY T 3P YN IR B3 NUIE 781 31 T8 30 39 T, DI I UIMEHE SHZH

fRRR RNir P BT FTTT HIp AT BT g1 HAIGARISTHIZA [(Bu).ATIGeCI]

(101g), O  URRA  [(Bu)ATIGeNCsHs  (101r), SR UFFIoMgedA
[(Bu)2ATIGEN(TMS)2] (101v) P CCRIZSIGRA H znl, & I Ufdfehar & TRUMHGEY

Ay RR [N miisss  &M@d™  [(Bu)ATIGeCI—Znly(THF)]  (501),
[(BU)2ATIGENCsHs—ZnI(THF)]  (502), 3R [(Bu)ATIGEN(TMS).—Znl(THF)] (503),
AT | Znals PR B TTY [(Bu)ATIGEN(TMS)2—(Znl2)]2 (504) 3R [(Bu)ATIGEPr—(Znl2)]2
(505) ST RRR fEaRe e e & Jeauu o1 +f Ui ot 78 81 39 (e,
UEERS 3R PicH & TRGERRE & fou SHsdd RR RNe  simiey
[(Bu)ATIGe'Pr—(Znl,)]; (505) & IR ATHANT I fezaman 7 g1 At 501-505 P G-
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YD NMR WaeRa Ut & Arend ¥ fafa fosar mar o1, iR twha-fred TaX faacdq
3T 502-505 TMIh! IR faby T |

3eATg 6: ST o SAfeh fRR Rid wiee 3t wfafsrariiadr wme € 1 8, 98 s
HIehIoH & Y I Ul & 31eqg & forg THidd § o 339 9 TRIS (2nlw)
fRR  wieeia el & o @A 31 Jgl,  THits FRES
[(Bu):ATIGe(E)Cl—Znlo(THF)] (E = S (601), Se (602) SR GHHESH
[(BU)ATIGe(E)N(TMS),—Znl(THF)] (E = O (604), S (607), Se (608)) I 3 Sid TSI S
IRERY & U § Jfod foa ol 8| foemieaia aifid! &1 S=ayu, siufd, fowmiags
[(BU)2ATIGE(O)N(TMS)2—(Znl2)]2 (605) 3R fSETHAIRT [(Bu).ATIGe(E)Pr—(Znly)]2 (E = O
(609), S (610), Se (611)) ¥ ¥ H I f$AR® i smaicws uRwi ot off 9=f &t 718 31
P 3T, N2O 3R S/Se & H1Y STHTSENH UrIet RRR fSich PIecia 502 BT BRI B 7Tg
gfafsrarst ¥ HHLT: u3-3ia foris Bt & WY U Yarafd Tgaaiic e 603 1 fafor
BT 8 3R ITGT F T ST FAro7 R il bt ot B

XVi



Contents

CRIEITICALE. ...ttt et bbb r e [
ACKNOWIBAGEMENTS ...ttt e et e e s be e teereesre e teeneesraenreeneennes iii
AADSTIACT ...t r et viii
(010141 1=T 0 TSP T TSR UT PSP PPPPRPRPTRPRR xviii
LIST OF FIQUIES ...ttt sttt e ettt n e b e et e b et e enbenneeseeeneennes XXiii
LISE OF TADIES ... b et XXVil
List of Symbols and ADDIeVIAtIONS. .........cooiiiiiiiiieie s XXIX
INEFOQUCTION ...t b bbbt e bbbt 1
1.1 General INTrOTUCTION .....c..evieiiiiieiceee bbb bbb 1
1.2. Synthesis of N-heterocyclic Germylenes (NHGES)........cccooiieiiriiiiiiiieeese s 3
1.3. Reactions of N-heterocyclic GErMYIENES...........ccvivieiicic i 4
1.3.1. Substitution reactions of functionalized N-heterocyclic germylenes................ccccevue.e. 4
1.3.2. Oxidation reactions of N-heterocyclic germylenes ...........cccoovveveiieeie e 11
1.3.3. Coordination chemistry 0f NHGES .........ccceiiiiiiiccece e 20

1.4. Scope forthe Present WOrK. ... ..o e 36
1.5. ODJECtIVE OF the TRESIS....c..eiuiiiiiiieieee e 37
1.8, RETEIBNCES ...ttt bbbt b et bbbttt bbb ene s 38
General Experimental TEChNIQUES ........ccviiiiieii s 51
2.1. Cleaning and Drying Of GIaSSWAIE ...........ccooiiiiiiiiicee e 51
2.1.1. Preparation of Dase Dath ... 52
2.1.2. Preparation of acid Dath..........cccoooviiiii 52

2.2. Sources of Reagents and SOIVENLS..........ccviiiiiiic i 52
2.3. Drying Of SOIVENES N0 GASES ......ecivieiiiieiieiie et 53
2.3.1. Drying OF SOIVENTS ......vviiiiciic ettt 53

Xviii



R I B LY/ g To o) 0 T TSSO 54

2.4. Handling of Air and Moisture Sensitive COMPOUNGS ...........ccceivereeieiieeseeieeseesie e 54
2.5. Synthesis of Starting MaterialS ............cccoiveiiiiiiiee s 55
2.6. Details Of INStrumMENtS USEA .........ccoiviiiiiriiieiiesi e 59
2.7. Details Of SOFtWAre USEU .......coeiiiiiiiiiei e 60
2.8, RETEIBINCES ...ttt b bbbt b et be bt 60
Water Stable Germylenes and Their Biological Applications............c.ccocvvviiieieiiieninennnn 64
3oLl INEFOTUCTION ..ot b bbbt e bbb bbb ere s 65
3.2. RESUILS AN DISCUSSTION ....c.uiiiiieiieiieieie sttt sttt sttt bbb b eneas 66
BL2. L. SYNENESIS ...ttt bbbttt r bt 66
A o[- ox 1 - ST 69
3.2.3. Air and water stability of compounds 302-306 ...........cccceoueiieiieieniese e 70
3.2.4. Biological application of germylene hydroxide 303 ............cccooveiiiieiierie e 75
3.2.5. X-ray crystals structures of compounds 302-304 and 307 .........ccccccevveveiiieveesieennnn, 84
3.3. CONCIUSIONS ...ttt bbbt bbbt 87
3.4, EXPErimental SECION ........cccvoiiiiiiiiccie ettt e e e 88
3.4.1. SYNLhEtiC detailS.......ccveiieeecc e e 88
3.4.2. Structure determination of compounds 302, 303, 304, and 307.........ccccccvveververerannnne 95
3.4.3. Computational detailS..........c.cooiiiiiiiee i 97
3.5 RETEIBICES ...t b bbbttt bbb 97
Water Stable Germacarbonyl Compounds with Ge=E Bonds (E = S/S€) ........cccccecvvvrinnne 105
AL, INEFOTUCTION ...ttt bbb bbbt e et ettt be b e b 106
4.2. RESUITS AN DISCUSSTON ...ttt sttt bbbttt sbeeneas 108
4.2.1. SYNENESIS ...ttt bbbttt bbbt 108
A o 1= od 1 - SRR 120

XiX



4.2.3. X-ray crystal structures of compounds 401, 402, 403, 405, 409, 411-415, 417, 418,

AN 420 1. b b bbbt e et bbbt nre s 124
4.3, CONCIUSIONS ...ttt bbbttt n bbb ene s 136
4.4, EXPEriMENntal SECTION ....oc.oiviiiiiiieieee e 137

4.4.1. SYNtNEtiC ALAIIS......cc.iiiieiiice e 137

4.4.2. Structure determination of compounds 401-403, 405, 409, 411-415, 417-418, and 420

............................................................................................................................................. 148
4.5, RETEIBINCES. ...ttt bbb 157
Catalytic Applications of Germylene Stabilized Zinc Complexes........ccccccevvvevivivieiveiinennenn, 168
5.1 INEFOAUCTION ...ttt et 168
5.2 RESUIL AN DISCUSSION .....cviviieiiiiiiteieii sttt 170
5.2.1 SYNENESIS ....ectieiti ettt et e e et e e e e re e e reenae s 170
I o 1= od 1 - TR 173
5.2.3. X-ray crystal structures of compounds 502-505...........cccccvrririiienininiinneeie e 174
5.3. Catalytic Application of Germylene Stabilized Zinc lodide Complexes 501-505 in
Hydroboration REACTIONS..........oiuiiiiiiieieiee e 177
5.4 CONCIUSIONS ...ttt bbbttt et bbb bt 182
5.5. EXPErimental SECHION .........ccuiiiiiiiiccie ettt te e sra e re e e 182
5.5.1 SYNNEIC AELAIlS........civeeieiie e 182
5.5.2. Structure determination of compounds 502, 503, 504, and 505.............ccccceevvevreennene 186
5.5.3. General procedure for the catalytic hydroboration of aldehydes and ketones .......... 188
5.5.4. NMR spectroscopic data for compounds reported in Table 5.1........ccccccoeiieiiinnns 188
5.5.5. NMR spectroscopy data of aromatic/aliphatic ketones reported in Table 5.2........... 189
5.5.6 NMR spectroscopy data of aromatic aldehydes reported in Table 5.3....................... 191
5.8, RETEIBINCES ... bbbttt bbb 193

XX



Reactivity of Aminotroponiminatogermylene Zinc Complexes with Chalcogens .............. 206

B. 1. INErOTUCTION ...ttt 206
6.2. RESUIt AN DISCUSSTON ......vevireiiiiisieieiisie ettt 209
B.2.1. SYNTNESIS ...uiiitieieee ettt re e e e reenae s 209
0.2.2. SPECIIA ...ttt 215
6.2.3. X-ray crystal structures of compounds 603-606 and 609-610. ..........cccccevererreennnns 217
6.3, CONCIUSION. ... bbbttt e bbbt 222
6.4. EXPErimental SECTION .......coiiiiiieee e 223
6.4.1. SYNLNELIC AETANIS......ceeeiiiie e 223
6.4.2. Structure determination of compounds 603, 604, 605, 606, 609, and 610................ 231
B.5. RETEIBICES ...ttt bbb 235
AULNOI'S Profile. ... 238

XXi



List of Figures

Figure Figure Caption Page
No. No
3.1 'H NMR spectrum of compound 302 (~ 10 mg) in (a) dry CDCls (0.4 mL) | 72
and (b) CDCIs (0.4 mL) and excess water (0.1 mL)

3.2 H NMR spectrum of compound 303 (~ 10 mg) in (a) dry CDCls (0.4 mL) | 73
and (b) CDClz (0.4 mL) and excess water (0.1 mL)

3.3 'H NMR spectrum of compound 304 (~ 10 mg) in (a) dry CDCls (0.4 mL) | 74
and (b) CDCls (0.4 mL) and excess water (0.1 mL)

3.4 | The HOMO (a) and HOMO™ (b) of compound 303 75

3.5 Suppression of cell proliferation by DPMGeOH (303), DPMGeCl (302), | 76
DPMGe(1V) compound 307, cisplatin, and doxorubicin on HeLa (a), MCF7
(b), Huh7 (c), and Vero cells (d) as measured using MTT assay.*P-value
<0.05. Control = cells treated with DMSO

3.6 Trypan blue studies on cell viability with 25 pM solutions of DPMGeOH | 78
(303), DPMGeCl (302), DPMGe(1V) compound 307, and DPMH (301) on
HelLa, MCF7, Huh7, and Vero cells

3.7 The colony formation assay was carried out using 25 puM solution of | 79
DPMGeOH (303), DPMGeCl (302), DPMGe(IV) compound 307, and
DPMH (301) on HeLa, MCF, Huh7, and Vero cells

3.8 Effect of 25 uM solutions of DPMGeOH (303), DPMGeCl (302), | 79
DPMGe(1V) compound 307, and DPMH (301) on the colony formation in
Vero, HeLa, MCF7, and Huh7 cells

3.9 Effect of DPMH (301) on HeLa, MCF, Huh7, and Vero cells studied through | 80
MTT assay. Control = cells treated with THF. Owing to the evaporation
tendency of THF, the assays were performed at a starting concentration of
25 uM and serial doubling dilutions were done up to 3.1 uM concentration

3.10 | Conversion of compound 302 to 303 in the culture medium 82

XXiii




3.11 | The effect of DPMGeOH (303) on the growth kinetics of (a) Staphylococcus | 83
aureus (S. aureus) and (b) Escherichia coli (E. coli)
3.12 | Molecular structure of compound 302 84
3.13 | Molecular structure of compound 303 85
3.14 | Molecular structure of compound 304 86
3.15 | Molecular structure of compound 307 87
4.1 'H NMR spectrum of compound 409 (~ 10 mg) in (a) dry CDCls (0.4 mL) | 114
and (b) CDClz (0.4 mL) and excess water (0.1 mL)
4.2 'H NMR spectrum of compound 410 (~ 10 mg) in (a) dry CDCls (0.4 mL) | 115
and (b) CDCIz (0.4 mL) and excess water (0.1 mL)
4.3 H NMR spectrum of compound 417 (~ 10 mg) in (a) dry CDCls (0.4 mL) | 120
and (b) CDCls (0.4 mL) and excess water (0.1 mL)
4.4 Molecular structure of compound 401 125
4.5 Molecular structure of compound 402 126
4.6 Molecular structure of compound 403 126
4.7 Molecular structure of compound 405 127
4.8 Molecular structure of compound 409 128
4.9 Molecular structure of compound 411 129
4.10 | Molecular structure of compound 412 130
4.11 | Molecular structure of compound 413 131
4.12 | Molecular structure of compound 414 132
4.13 | Molecular structure of compound 415 133
4.14 | Molecular structure of compound 417 134
4.15 | Molecular structure of compound 418 135
4.16 | Molecular structure of compound 420 136
51 Molecular structure of compound 502 174
5.2 Molecular structure of compound 503 175
5.3 Molecular structure of compound 504 176
54 Molecular structure of compound 505 177
6.1 Molecular structure of compound 603 218

XXIV




6.2 Molecular structure of compound 604 219
6.3 Molecular structure of compound 605 220
6.4 Molecular structure of compound 609 220
6.5 Molecular structure of compound 610 221
6.6 Molecular structure of compound 606 222

XXV




List of Tables

Table Table Caption Page
No. No
31 Stability of dipyrromethene stabilized germylenes 302-306 in air and 1

water
3.2 Crystal data and structure refinement for compounds 302, 303, 304, and 95
307
4.1 Air and water stability of germacarbonyl compounds with Ge=E bonds 113
(E = S/Se)
4.2 Air and water stability of germaamides stabilized copper(l) complexes 119
415-420
4.3 "Se NMR spectroscopic data for selenogermacarbonyl compounds 124
containing Ge=Se bonds.
4.4 Crystal data and structure refinement for compounds 401, 402, and 403 148
4.5 Crystal data and structure refinement for compounds 405, 409, and 411 150
4.6 Crystal data and structure refinement for compounds 412, 413, and 414 151
4.7 Crystal data and structure refinement for compounds 415, 417, and 418 153
4.8 Crystal data and structure refinement for compound 420 155
5.1 Optimization table for the hydroboration of acetophenone 178
5.2 The substrate scope of ketones 180
5.3 The substrate scope of aromatic aldehydes 180
54 Crystal data and structure refinement for compounds 502, 503, 504, and 186

505

XXVii




6.1

Crystal data and structure refinement for compounds 603, 604, and 605

231

6.2

Crystal data and structure refinement for compounds 606, 609, and 610

233

XXViii




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
) (delta) chemical shift J coupling constant
A (lambda) wave length K Kelvin
Anal analysis Kcal kilocalorie
o lowest unoccupied molecular

au atomic unit LUMO ]
orbital
bs broad singlet m/z mass-to-charge ratio
Calcd calculated Me methyl
cm centimeter Mes mesityl
COD cyclooctadiene mg milligram
Cp cyclopentadienyl MHz megahertz
coe cyclooctene min minute
DCM dichloromethane mL milliliter
d doublet MO molecular orbital
dd double doublet Mp melting point
DFT density functional theory MS mass spectrometry
deg degree mmol milli mole
DME dimethoxyethane NHC N-heterocyclic carbene
El electron ionization NHGe N-heterocyclic germylene
ESI electrospray ionization nm nanometer
Et ethyl NMR nuclear magnetic resonance
g gram "Pr normal-propyl

XXiX




oTf triflate S Solvent
ppm parts per million t(pseudo) pseudo triplet
Py pyrrole T temperature
Ph phenyl t triplet
rt room temperature '‘Bu tert-butyl
*Bu sec-butyl THF tetrahydrofuran
S singlet uv ultra violet

XXX




	Thesis of Pritam Mahawar.pdf
	cover1.pdf
	cover
	Binder1
	Chapter 1.pdf
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Chapter 6
	Author





