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Scheme 1.1:  The preparation of Zeise’s salt.
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Figure 1.1  Synergic bonding in metal carbonyls.
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Figure 1.2  The three known isomers of octacarbonyldicobalt.
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Scheme 1.2  Functionalization of a hexacarbonyldicobalt protected octyne.
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Scheme 1.3  Friedel Crafts acylation of dicobalt-complexed diphenylacetylene.
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Figure 1.3  Progressive isolobal substitution of CR vertices with [Co(CO)3] fragments.
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Figure 1.4  Isolobal replacement of ethylene by iron carbonyl fragments.
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Figure 1.5  The classical methyl, 7, and non-classical 2-norbornyl, 8, cations.

[image: image9.wmf]+

+

+

9

10


Figure 1.6  The 7-norbornenyl, 9, and 7-norbornadienyl, 10, cations.
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Figure 1.7  Comparison of the methyl and ethyl cations.
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Scheme 1.4  The Hydrolysis of Mustard Gas.

[image: image12.wmf]C

C

C

+

+

+


Figure 1.8  Resonance contributors of the triphenylmethyl cation.
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Figure 1.9  Molecular structure of the t-butyl cation, and its hyperconjugative stability.
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Scheme 1.5  The ability of a metal to stabilize an adjacent carbocation

in bimetallic systems.
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Figure 1.10  Orbital representation of a metal-stabilized cationic intermediate.
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Figure 1.11   X-ray structures of (MeC(CCH2)[(OC)3FeCo(CO)2PPh3]48, [FeCo(CO)6(TMS-C=C=fluorenyl)]49, and [FeCo(CO)6(TMS-C=C=diphenylindenyl)]49.
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Figure 1.12   Proposed mechanism of fluxional processes involved in stabilization 

of propargyl cations by hexacarbonyldicobalt.
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Figure 1.13  The potential for hexacarbonyldicobalt to stabilize two propargyl cations.
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Figure 1.14 The first structurally characterized cobalt-stabilized propargyl cation, 14.
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Scheme 1.6  The Nicholas Reaction.

[image: image23.wmf]E

E

E 

+

Nu 

-

C

C

Co(CO)

3

Co(CO)

3

R'

R

+

C

C

Co(CO)

3

Co(CO)

3

R'

R

C

C

Co(CO)

3

Co(CO)

3

Nu

R'

R


Scheme 1.7  Generation of (,(-functionalized propargylic alkyne from a cobalt-complexed 1,3-enyne.
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Scheme 1.8  Cobalt-cluster mediated intramolecular cyclization with a subsequent Pauson-Khand rearrangement.
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Scheme 2.1  Intramolecular cyclizations facilitated by cobalt bend-angle.
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Scheme 2.2  Formation of cycloheptyl hexacarbonyldicobalt derivatives.
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Scheme 2.3  Allyl transfer via a seven-membered ring intermediate.
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Scheme 2.4  Resonance forms of a diferrocene substituted propargyl cation.
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Scheme 2.5  Synthesis of diferrocenyl ketone.
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Scheme 2.6  Attempted synthesis of 29.
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Figure 2.1  Hyperchem model of 29. 83
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Scheme 2.7  Resonance contributors of a cobalt-complexed propargyl diphenyl cation.


[image: image33.wmf]H

O

H

P

h

P

h

O

H

P

h

P

h

Si

Si

C

o

2

(

C

O

)

8

Si

P

h

P

h

O

H

Co

Co

(CO)

3

(CO)

3

C

o

(

C

O

)

3

C

C

o

(

C

O

)

3

(

O

C

)

3

C

o

Ph

2

C

C

H

HBF

4

32

3)

         

H

2

O

-78°C

1)

      

2 

n

BuLi

2)

Cl

33

31

RT

CH

2

Cl

2

-78°C

30


Scheme 2.8  Synthesis and protonation of 32.
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Scheme 2.9  Formation of hydrogen abstraction product, 34, in THF.


[image: image35.wmf]Co

Co

P

h

P

h

Co

Co

P

h

P

h

Si

35

36

+

(CO)

3

(CO)

3

C

Si

(CO)

3

(CO)

3

+

C

?


Scheme 2.10
Contrast of the stability provided by the phenyl substituents versus silicon.
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Scheme 2.11  Formation of allyl migration products in the fluorenyl system.
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Figure 2.2  Molecular structure of the ally migration product 39

with 30% thermal probability ellipsoids.
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Figure 2.3  Products isolated after treatment of minor fraction obtained from 

formation of 37, with octacarbonyldicobalt.

 (a)
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(b)
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Figure 2.4  (a) Molecular structure of 42, with 30% thermal probability ellipsoids.  

(b) Asymmetric unit, showing intra- and intermolecular hydrogen bonding, whereby irrelevant hydrogens and carbonyl groups have been removed for clarity.

Table 2.1:  Intra- and Intermolecular Hydrogen Bonds in 49.

	D-H….A
	D….H
	H….A
	D….A
	D-H….A angle

	O9-H….O19
	0.87(4) Å
	1.90(4) Å
	2.732(6) Å 
	161(4)(

	O9A-H….O19A
	0.84 Å 
	1.91 Å
	2.691(7) Å 
	154(

	O19-H….O9A
	0.72(5) Å
	2.03(5) Å
	2.740(8) Å 
	170(7)(

	O19A-H….O9
	0.63(7) Å
	2.22(7) Å
	2.835(8) Å 
	166(10)(
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Figure 2.5  Molecular structure of 43, with 30 % thermal probability ellipsoids.  

The intramolecular hydrogen bond contact between O9-O16 is 2.790 Å.
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Scheme 2.12  Hypothesized route to a vinyl migration.
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Figure 2.6  Hyperchem model of a possible 5-membered ring cobalt-cluster species. 83
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Scheme 2.13  Elimination product, 47, obtained upon attempted vinyl migration.
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Scheme 2.14  Hypothesized benzyl migration overcoming aromaticity and rearomatizing.
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Scheme 2.15  Elimination product, 52, obtained upon attempted benzyl migration.
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Figure 2.7  Potential migratory ligands.
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Scheme 3.1.  Conversion of 2-ethynylborneol to 4-ethynylborneol via a

Wagner-Meerwein rearrangement.
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Scheme 3.2  Cationic clusters derived from borneol and fenchol.
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Scheme 3.3  Proposed allyl migrations in the bornyl and fenchyl systems.
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Scheme 3.4  Synthetic route to (2-endo-allyldimethylsilyl)ethynylborneol, 67.
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Scheme 3.5  Products derived from the protonation of 63.
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Scheme 3.6  Products derived from the protonation of 71.
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Figure 3.1.  X-ray crystal structure of 77 showing the atom numbering system, 

with hydrogen atoms omitted for clarity.
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Scheme 3.7  Products derived from the protonation of 76.
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Scheme 3.8  Ring-opening and rearrangement of 76.
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Scheme 3.9  Rearrangements of endo and exo bornyl diazonium ions.
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Figure 3.2.  Semi-empirically derived model of 88 (PM3 Hamiltonian), 

showing only pertinent hydrogen interactions.83
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Scheme 3.10  Conversion of [phenylacetylene]Co2(CO)6 to methyl phenylacetate.
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Scheme 3.11  Dual synthesis of the mono-deuterated tricobalt species, 89.106
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Figure 3.3.  13C NMR spectrum of 89 in CDCl3.
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Figure 3.4  Molecules 90-92
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Scheme 3.12  Proposed mechanism for acid-promoted rearrangement

of terminal alkynl dicobalt complexes.95
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Scheme 3.13  Proposed route to a dimetallacyclopropenium intermediate.
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Scheme 3.14  Proposed mechanism for acid-promoted rearrangement

of alkynylsilane dicobalt complexes.
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Scheme 4.1:  Dissociation of the radical initiator AIBN.
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Scheme 4.2:  Radical chain reaction for the chlorination of a hydrocarbon.
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Scheme 4.3  Formation of radical products through protonation in the presence of zinc.
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Scheme 4.4  Mechanistic interpretation for the generation of cobalt-mediated 

propargyl radicals in tetrahydrofuran.
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Scheme 4.5  Attempted correlation of diphenyl-cobalt and triphenylmethyl radicals.
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Scheme 4.6  The formation of various tricobalt species from 108.
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Figure 4.1  Molecular structure of 33, with thermal ellipsoids at 30%.
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Scheme 4.7  Radical products observed from protonation of 108 and 113 in THF.
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Figure 4.2  Molecular structure of 112, with thermal ellipsoids at 30%.
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Scheme 4.8  Proposed mechanism for the formation of 112.
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Scheme 4.9  Fluorenyl products formed upon protonation.
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Figure 4.3  Optimized Structural Model of 118 at the AM1 level.83,133
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Figure 4.4  Molecular structure of 120, whereby 30% anisotropic thermal probability ellipsoids were established for all atoms except the carbonyl carbon atoms.
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Scheme 4.10  Products isolated from the protonation of cobalt-complexed fluorenyl-vinyl and –fluorenyl-benzyl alkynylsilanes, in dichloromethane.
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(b)

[image: image82.jpg]



Figure 4.5  a) Molecular structure of 121 with 30% thermal probability ellipsoids, omitting hydrogen atoms for clarity.  b) Identical view showing the 

extensive overlap of both partially occupied models of the molecule.
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Scheme 4.11  Mechanistic proposal for the formation of 121,

involving radical intermediates.
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(b)
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Figure 4.6  (a) Molecular structure of 124 with 30% thermal probability ellipsoids, hydrogen atoms have been excluded for clarity.  (b) Perpendicular view of 124,

without carbonyl atoms, emphasizing the curved nature of the fluorenyl ligands.
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Scheme 4.12  Formation of cobalt clustered peroxides from the protonation of cobalt-complexed fluorenyl-vinyl and -benzyl silanes, in tetrahydrofuran or diethyl ether.
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Figure 4.7  Molecular structure of 125; fluorenyl hydrogen atoms 

have been excluded for clarity.
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Scheme 4.13  Mechanistic proposal for the formation of the cobalt containing peroxides, 124 and 125, from radical intermediates and atmospheric oxygen.
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Figure 5.1  Most common conformations of cyclohexane.


[image: image90.wmf]P

h

O

H

O

H

C

o

(

C

O

)

3

Co

P

h

(

C

O

)

3

Co

2

(CO)

8

127

128


Scheme 5.1  Conformational flip in cyclopentyl upon cobalt complexation.
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Figure 5.2  A 30% Thermal Ellipsoid Plot of 130.
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Scheme 5.3  Nickel and platinum complexes of 1-(tert-butylethynyl)cyclohexan-1-ol.
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Scheme 5.4  Generation of axial and equatorial substituted alkynes 

in 4-tert-butylcyclohexyl systems.
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Figure 5.3  50% Thermal Ellipsoid Plots of (a) 135, and (b) 136.
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Scheme 5.5  Synthesis of cis- and trans-cyclohexan-1,4-diols.
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Figure 5.4  30% Thermal Ellipsoid Plots of (a) 142 and (b) 144, excluding hydrogens. 

[image: image100.jpg]



Figure 5.5  Packing Diagram along the c-axis of 144.
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Figure 5.6  A 30% Thermal Ellipsoid Plot of 145, without hydrogen atoms.
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Figure 5.7  A 50% Thermal Ellipsoid Plot of 150, with hydrogens removed for clarity.
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Figure 5.8  A 30% Thermal Ellipsoid Plot of 149 without hydrogen atoms.
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Figure 5.9  Illustration of the intermolecular interactions between the crystallographically independent molecules of 149; cobalt carbonyls excluded for clarity.
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Scheme 5.6  Formation of a cyclohexenol in an attempt to bridge the twist-boat alcohols.
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Figure 5.10  A 30% Thermal Ellipsoid Plot of 151, whereby cyclohexyl 

hydrogen atoms are excluded for clarity.

Table 5.1  A comparison of torsional angles in known twist-boats.
	
	Idealized
	 Berti
	 Dieks
	Biali (1,2,3,4)
	Biali (1,2,4,5)
	  145
	  149

	C(6)-C(1)-C(2)-C(3)
	   +65
	+63.5
	 +61.8
	    +60.1
	    +64.5
	+61.2
	+57.8

+58.2



	C(1)-C(2)-C(3)-C(4)
	   -31
	-36.5
	 -42.4
	    -28.5
	    -24.7
	-29.4
	-37.8

-38.0



	C(2)-C(3)-C(4)-C(5)
	   -31
	-20.6
	 -17.5
	    -24.0
	    -37.1
	-30.2
	-17.6

-21.3



	C(3)-C(4)-C(5)-C(6)
	   +65
	+61.8
	 +61.8
	    +48.8
	   +64.5


	+61.2
	+56.1

+60.0



	C(4)-C(5)-C(6)-C(1)
	   -31
	-37.6
	 -42.3
	    -16.4
	    -24.7
	-29.4
	-37.1

-40.1



	C(5)-C(6)-C(1)-C(2)
	   -31
	-25.4
	 -17.8
	    -37.2
	    -36.9
	-30.2
	-20.9

-18.5
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Scheme 5.7  Germanium-complexed twist-boat.173
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Figure 6.1  Potential ligands for migration reactions.
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Scheme 6.1  Proposed route to other possible migration products via a 

5- or 6-membered ring transition state.
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Scheme 6.2  Proposed method of maintaining the twist-boat conformation 

upon removal of the cobalt cluster.
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Scheme 6.3  A synthetic route to novel molybdenum and tungsten peroxides.
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