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ABSTRACT 

The thesis entitled "Organocobalt Chemistry of Cyclic Phosphorus Nitrogen 

Compounds" presents the research work carried out on the synthesis, characterization 

and exploration of the chemistry of novel fluorophosphazene derived cobalt based 

sandwich compounds and metallacycles. The research work embodied in this thesis has 

been divided in to seven chapters. 

The [rl5-cyclopentadienyl][i4-tetraphenylcylobutadiene] cobalt is a metal-

sandwich system which has turned out to be a potential competitor to ferrocene in many 

aspects. Closely related to such sandwich compounds are PPh3 stabilized 

cobaltametallcycles. The first part of Chapter 1 describes salient aspects of the 

chemistry of metallocenes and metallacycles with emphasis on the cobalt based metal 

sandwich compounds and metallacycles available in the literature. 

Among inorganic heterocycles, perhalogenated cyclic phosphazenes occupy a 

very prominent place as the precursors for polyphosphazenes, whose property can be 

tuned by changing the substituents on the phosphorus sites. The second part of Chapter 

1 provides the relevant literature background on cyclophosphazenes in general and 

fluorinated cyclophosphazenes in particular. This chapter ends with a description on the 

scope of the work carried out and presented in the thesis. 

Chapter 2 describes the general experimental procedures adopted in synthesis of 

new compounds and details of characterization techniques utilized. Specific synthetic 

details of some of the starting materials used in the work described in the thesis are also 

presented. 

Chapter 3 of this thesis deals with the reaction of ((3-phenylethynyl) 

pentafluorocyclotriphosphazene, F 5 P3N3CCPh with in situ generated 
	5

"" 

(MeOC(0)C5H4)Co(PPh3)2 which resulted in the formation of two novel 
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fluorophosphazene 	derived 	cobaltocyclopentadienyl 	metallacycles 	[(r1
5 
 - 

carbomethoxycyclopentadienyl) (triphenylphosphine)-2,5-bis(pentafluorocyclotriphosph 

-azeny1)-3,4-diphenylcobaltacyclopentadiene] and [(r15-carbomethoxycyclopentadienyl) 

(triphenylphosphine)-2,4-bis(pentafluorocyclotriphosphazeny1)-3,5-diphenylcobaltacyclo 

-pentadiene] stabilized with triphenylphosphine, and one cyclobutadienyl cobalt 

sandwich compound having two fluorophosphazenyl groups trans to each other on the 

cyclobutadiene ring. This work also describes a novel synthetic route for making aryl 

bridged fluorinated cyclophosphazenes by the reaction of the metallacycles with 

substituted acetylenes. 

Chapter 4 describes the reaction of [re-Me0C(0)C5H4]Co(COD), PhCmCP3N3F5  

and phenylacetylene in the presence or absence 1,5-cyclooctadiene which resulted in the 

formation of mono fluorophosphazene derived [i5-cyclopentadienyl][i4-1,3- 

cyclohexadiene] cobalt complex, along with the sandwich compound [Ili-

carbomethoxycyclopentadienyl] [in- 1 ,3-bis(pentafluorocyclotriphosphazeny1)-2,4-diphen 

-ylcyclobutadiene] cobalt and acetylene trimerized products. This work also explores the 

reactions of [i5-Me0C(0)C5H4]Co(COD) and PhC- CP3N3F5 in the presence of 

dicyclopentadiene as well as indene which resulted in the formation of 

bis(fluorophosphazene) derived cobalt cyclohexadiene complexes. The formation of 

mono and bis fluorophosphazene derived cobalt cyclohexadiene complexes provides 

experimental evidence for a metallacyclopentadiene pathway for cobalt based 

cyclohexadiene formation from CpCo(COD) reactions. 

Chapter 5 has been divided in to two parts. Part A describes the synthesis of a 

new gem-diphenyltrifluorophosphazene derived alkyne and its reactions with in situ 

generated RCpCo(PPh3)2, which resulted in the unprecedented formation of a novel 

spirocyclic phosphazacyclopentadiene bound to a CpCo unit, in addition to gem- 
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diphenyltrifluorophosphazene derived metallacyclic compounds and CpCo stabilized 

cyclobutadiene complex having two phosphazene units in the alternate carbon atoms. 

Part B of this chapter describes the reactions of the same alkyne with 

RCpCo(COD) in the presence and absence of external alkene, which resulted in the 

formation of gem-diphenyltrifluorophosphazene derived CpCo stabilized 1,3- 

cyclohexadiene complexes. The formation of CpCo stabilized 1,3-cyclohexadiene 

complexes further confirms the existence metallacyclopentadiene as the intermediate for 

the formation of cobalt based (1,3-cyclohexadiene) complex. 

Chapter 6 deals with the reactions of a model compound, [re-
carboxycyclopentadiene] [ri4—tetraphenylcyclobutadiene] cobalt with various alkyl and 

aryl 	tin 	oxides. 	The 	reaction 	of 	[i5-carboxycyclopentadiene][i4- 

tetraphenylcyclobutadiene] cobalt with (Ph3Sn)20 resulted in the formation of 

monomeric compound Ph3SnOC(0)C5H4C0C4Ph4. The reaction of [re-

carboxycyclopentadiene][714—tetraphenylcyclobutadiene] cobalt with [(nBu)2SnO]n  and 

(Ph2SnO)n  in refluxing toluene resulted in the formation of dimeric compounds 

nBu2Sn[OC(0)C5H4C0C4Pli4]2 and Ph2Sn[OC(0)C5H4C0C4Ph4]2. 

Chapter 7 gives the overall conclusions and future scope of the entire work 

carried out in the present study. 

IX 



TABLE OF CONTENTS 
PAGE 

CERTIFICATE 

ACKNOWLEDGEMENTS 	 II 

AB STARCT 	 VII 

TABLE OF CONTENTS 	 X 

LIST OF FIGURES 	 XIII 

LIST OF TABLES 	 XVIII 

ABBREVIATIONS 	 XX 

CHAPTER 

PART 

1 

A Introduction of Metal Sandwich Compounds 

1 

1 

1.1.1. Metal Sandwich Compounds 1 

1.1.2. Physical Properties and Structural Aspects of Metal 2 

Sandwich Complexes 

1.1.3. General Applications of Metal Sandwich Compounds 6 

1.1.4. Reactions of Metal Sandwich Compounds 8 

1.1.5. Metallacycles 11 

1.1.6. Cobalt Based Stable Metallacycles and Sandwich 14 

Compounds 

PART B Introduction of cyclic phosphazenes 32 

1.2.1 Cyclic, Acyclic and Polymeric Phosphazenes 32 

1.2.2. Cyclophosphazenes 32 

1.2.3. Fluorinated Cyclophosphazenes 39 

1.2.4. Synthesis of Perfluorinated Cyclic Phosphazenes 42 

1.2.5. Physical 	Properties 	of 	Perfluoro 	Cyclic 43 

Phosphazenes 

1.2.6. The 	Spectral 	Properties 	of 	Perfluoro 	Cyclic 45 

Phosphazenes 

1.2.7. Structures of Perfluorinated Cyclic Phosphazenes 46 

1.2.8. Reactions 	of 	Fluorophosphazene 	Trimer 	with 48 

Monofunctional Reagents 

X 



1.2.9. Reactions 	of 	Fluorophosphazene 	Trimer 	and 53 
Tetramer with Difunctional Reagents 

1.2.10. Metallocene Bound Phosphazenes 55 
1.3. Scope of the work 60 

CHAPTER 2 Experimental (Reagents, Solvents and Techniques) 64 
2.1. Preparation, 	Purification 	and 	Characterization 	of 64 

Starting Materials 
2.2 Purification and Drying of Solvents and Reagents 72 

Used in the Study 
2.3 Experimental Techniques 74 
2.4 Characterization Techniques 74 

CHAPTER 3 Synthesis 	and 	Characterization 	of 	Novel 76 
Fluorophosphazene Derived Cobaltacyclopentadienyl 
Metallacycles: 	Reagents 	for Assembly 	of Aryl 
bridged Fluorophosphazenes 

3.1. Introduction 76 
3.2. Results and Discussion 77 
3.3. Spectral Studies on Compounds 15- 19 81 
3.4. X-ray Crystal Structures of Compounds 15-18  84 
3.5. Conclusions 95 
3.6. Experimental Procedures 96 

CHAPTER 4 Synthesis 	and 	Selectivity 	in 	Formation 	of 100 
Cyclophosphazene 	Derived 	1,3 -Cyclohexadienes 
from Reactions of RCpCo(COD) (R= Me0C(0)) 
with Alkynes and Alkenes 

4.1. Introduction 100 
4.2. Results and Discussion 101 
4.3. X-ray Crystal Structures of Compounds 22, 24, 25 

and 26 
108 

4.4. Spectral studies 116 
4.5. Selectivity and Mechanistic Considerations 118 
4.6. Conclusions 121 
4.7. Experimental Section 122 

XI 



CHAPTER 5 Synthesis of (j3-Phenylethyny1)-gem-diphenyltrifluor 129 

-ocyclotriphosphazene and Reactions with RCpCoL2 

Complexes (R = Me0C(0); L= PPh3, L2=COD) 

5.1. General Introduction 129 

PART A 131 

5.1.1. Results and Discussion 131 

5.1.2. X-ray Studies on Compounds 31, 32 and 33 136 

5.1.3. Spectral Studies on Compounds 6, 31, 32 and 33 148 

5.1.4. Conclusions 153 

5.1.5. Experimental Section 154 

PART B 157 

5.2.1. Results and Discussion 157 

5.2.2. Spectral Studies on Compounds 35 and 36 159 

5.2.3. Conclusions 161 

5.2.4. Experimental Section 161 

CHAPTER 6 Synthesis, Characterization and Electrochemistry of 166 

Novel Monomeric and Dimeric [15-Carboxycyclopen 

-tadiene][i4—Tetraphenylcyclobutadienej 	Cobalt 

Based Tin Carboxylates 

6.1. Introduction 166 

6.2. Results and Discussion 167 

6.3 Molecular Structures of 11, 38, 39 and 40 170 

6.4. Electrochemical Studies 177 

6.5. Conclusions 179 

6.6. Experimental Section 180 

CHAPTER 7 Conclusions and Future Scope 184 

7.1. Conclusions 184 

7.2. Future Scope 187 

References 189 

Resume 210 

XII 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15

