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ABSTRACT

The thesis entitled “Synthetic and asymmetric catalytic studies on new derivatives of
the cobalt sandwich compound, (n’-Cp)Co(n*-C4Phy)” presents the research work carried
out on chiral and achiral cyclopentadiene derived monomeric and cyclobutadiene linked
dimeric derivatives of the cobalt sandwich compound (1’-Cp)Co(n*-C4Phs). The research
work embodied in this thesis has been divided in to seven chapters.
Chapter 1 gives a general introduction to organometallic sandwich compounds. This is
followed by an account of cobalt sandwich compounds in particular. A detailed literature
survey of the synthesis, reactions and applications of (ns-Cp)Co(n4-C4Ph4) and related
molecules is provided which also includes a brief description of some recent developments
in the area of cyclophosphazene bound cobalt sandwich compounds. The chapter ends with
scope of the present work carried out and reported in the thesis.
Chapter 2 describes the general experimental procedures adopted in the synthesis of new
compounds and details of characterization techniques utilized. Specific synthetic details of
the starting materials and substrates used for catalytic studies described in the thesis are also
presented.
Chapter 3 describes the synthesis of cyclobutadiene linked dimeric analogues of (n’-
Cp)Co(n4-C4Ph4) by the reaction of PhC=CPh, PhC=CC=CPh and [n’-RCp]Co(PPhs), [R=
H, C(O)OMe]. The diester derivative {[1°-MeOC(O)Cp]Co(n*-C4Ph;3)}, was converted to
achiral as well as chiral bis(oxazoline) derivative of the same. The chiral bis(oxazoline) was
used to prepare novel palladacycles based on the dimeric cobalt sandwich compound.

Structural studies on these palladacycles showed interesting C—H- - - - Pd interactions which
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has recently been described as anagostic interactions by Brookhart, Parkin and Green. This
work also describes the application of palladacycles in the asymmetric aza-Claisen
rearrangement of trichloroacetimidates to trichloroacetamides which is an elegant method
for the synthesis of chiral allylic amines from prochiral allylic alcohols. The reactions,
which were found to proceed at 70 °C, gave yields in the range of 65-87% and good ee’s
ranging from 83 to 96%.

Chapter 4 describes reactions carried out for identifying the intermediates in the formation
of the dimeric cobalt sandwich compound and for understanding its mechanism of
formation. On varying the stoichiometric ratio of the reactants of the three component
reaction, two new cobalt sandwich compounds [n°-MeOC(O)Cp]Co [n4-C4Ph3(CECPh)] and
[°-MeOC(0)Cp]Co[n*-C4-Phy(C=CPh),] were found to form as viscous oily liquids. The
identity of the mono alkyne compound was ascertained by oxidizing its alkyne moiety to
yield a crystalline diketo compound [(1n’°-(MeOC(O)Cp)Co[n*-C4Phs(C(O)-C(O)Ph)] whose
crystal structure was determined. Further, the role of phenylethynyl derived monomeric
sandwich compound as a precursor to the dimeric compound was established by
synthesizing an unsymmetrical dimer, {n’>-[MeOC(O)Cp]Co(n*-C4Phs)}[(>-Cp)Co(n*-
C4Ph3)] and a detailed mechanism for the formation of all compounds has been proposed.
Chapter 5 describes the synthesis of novel 1,2 and 1,3-difunctional derivatives of (n°-
Cp)Co(n*-CsPhy). The reaction of sodium salts of 1,2 and 13-
dicarboalkoxycyclopentadienyls with CoCl(PPhs); and diphenylacetylene resulted in 1,2 and
1,3-cyclopentadienyl  diester = derived  cobalt sandwich  compounds m’-
[ROC(0)|,CsH3}Co(m*-C4Phs) [R= Me, Et]. These diesters were converted to the

dicarboxylic acids by refluxing with aq. KOH in ethanol. The diacyl chloride of the 1,2-
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diacid yielded a novel bis metallocenyl acenequinone having both iron and cobalt sandwich
units in the same compound. The 1,3-dicarboxylic acid was converted to a novel
cyclopentadienyl 1,3-bis(oxazoline) derived bidentate chiral ligand [n’-1,3-(4-iPr-2-
Ox)2C5H3]Co(r|4-C4Ph4) (Ox = oxazolinyl). A chiral palladium complex has been
synthesized using this 1,3-bis(oxazoline) ligand. This palladium complex has been found to
be quite efficient in bringing about the aza-Claisen rearrangement of trichloroacetimidates
at ambient temperature with good yields and high enantioselectivity. The 1,2 and 1,3-
diesters have also been used for the synthesis of novel 1,2 and 1,3-difunctional derivatives
of (nS-Cp)Co(n4-C4Ph4) with functional groups such as CH;OH, CH,OC(O)Me, CH,N3,
CH,SPh, CHO, C=CH and CH=NPh.

Chapter 6 describes the synthesis and reactions of the first examples of butadiyne derived
fluorophosphazene N3P3Fs(C=CC=CPh) and N3P;F4(C=CC=CPh), which were synthesized
by the reaction of PhC=CC=C-Li with N3P;Fs. A reaction of N3P3Fs(C=CC=CPh) with
Cp(CO)Mo=Mo(CO),Cp yielded a novel dimolybdenum cluster
Cp(CO),(Mo0,C,)(P3N3F5)(C=CPh)(CO),Cp. Interestingly, only the alkyne moiety adjacent
to the fluorophosphazene ring was found to react forming the Mo,C, cluster. Reaction of
N;3P3F5(C=CC=CPh), PhC=CPh and [’-MeOC(O)Cp]Co(PPhs), resulted in the formation of
a novel cyclobutadiene linked dimeric cobalt sandwich {[n’-MeOC(O)Cp]Co[n*-
(C4PhyP3N3Fs5)]} {[1>-MeOC(0O)Cp]Co(n*-C4Phs)} having a P3;N3Fs unit bound to one of
the cyclobutadiene rings.

Chapter 7 gives the overall conclusions of the entire work carried out in the present study.



CERTIFICATE

TABLE OF CONTENTS

ACKNOWLEDGEMENTS

ABSTARCT

TABLE OF CONTENTS

LIST OF FIGURES

LIST OF TABLES

ABBREVIATIONS

CHAPTER 1

1.1.

1.2.

1.3.

1.4.

1.5.

1.6.

1.7.

1.8.

Introduction

Metal sandwich compounds

Physical properties and structural aspects of metal
sandwich complexes

General applications of metal sandwich compounds
Reactions of metal sandwich compounds

Sandwich compounds having bulky substituted
cyclopentadienyl rings

Cobalt based stable sandwich compounds

Cobalt sandwich compounds of the type
(°-Cp)Co(n*-C4R,) with varying substituents on the
cyclobutadiene ring

Cobalt sandwich compounds of the type M

vi

Page

I
I

VI

XVIII

XXI

12

18

25



CHAPTER

CHAPTER

1.9.

1.10.

2.1.

2.2

2.3.

24.

2.5.

2.6.

3.1.

Cp)Co(n*-C4R4) with varying substituents on the
cyclopentadienyl ring

Applications of cobalt based sandwich compounds
(a) In asymmetric catalysis

(b) As catalysts for [2+2+2] cycloaddition reactions
(c) In stabilizing highly strained polycyclic
hydrocarbons

(d) As catalysts for synthesis of substituted
cyclohexadienes

Scope of the present work

Experimental (Reagents and Techniques)
Preparation, purification and characterization of
starting materials

Synthesis of substrates for catalytic studies
Purification and drying of solvents and reagents Used
in the study

Experimental techniques

Characterization technique

HPLC studies for enantiomeric excess determination
Palladacycles of novel bisoxazoline chelating ligands
based on the cyclobutadiene linked Dimeric cobalt
sandwich compound [(n°-Cp)Co(n*-C4Phs)]»

Introduction

vii

32

32

38

39

40

42

44

44

52

58

59

60

61

68

68



CHAPTER

CHAPTER

3.2.

3.3.

3.4.

3.5.

3.6.

3.7.

4.1.

4.2.

4.3.

44.

4.5.

5.1

5.2.

5.3.

Results and discussion

Spectral studies on compounds 17-26

X-ray crystal structures of compounds 17 and 20-26
Catalytic studies using palladacycles 21, 22 and 23
Conclusions

Experimental section

Identification and characterization of intermediates in
the formation of the cyclobutadiene linked dimeric
cobalt sandwich compound [(°-Cp)Co (n*-C4Phs)],
[R = H, C(O)OMe]

Introduction
Results and discussion

Crystallographic and spectral studies of compounds 30
and 31

Conclusions

Experimental section

Cyclopentadienyl 1,2 and 1,3-disubstituted cobalt
sandwich compounds {n’-[ROC(0)],CsH3}Co (n4-
C4Phs) (R=Me, Et): Precursors for sterically hindered
hidentate chiral and achiral ligands

Introduction
Results and discussion

Spectral studies

viii

70

74

84

88

90

91

103

103

104

109

113

114

120

120

122

127



CHAPTER

CHAPTER

REFERENCES

APPENDIX

RESUME

5.4.

5.5.

3.6.

5.7.

6.1.

6.2.

6.3.

6.4.

6.5.

6.6.

7

Structural studies

Catalytic studies using the palladium complex 42
Conclusions

Experimental section

Synthesis of cyclobutadiene linked dimeric cobalt
sandwich compound based on novel phenylbutadiyne
derived cyclic phosphazene

Introduction

Results and discussion

Spectral studies of compounds 58-61
Crystallographic studies

Conclusions

Experimental section

Conclusions

HPLC Chromatograms of trichloroacetamides
obtained after asymmetric catalysis
Tables of selected bond lengths and bond angles of all

the crystal structures

137

150

152

153

176

176

178

179

185

190

191

197

221

231

250



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11

