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Introduction

The coordination chemistry of low-coordinate phosphorus compounds is of particular interest because of their
unigue electronic properties. The coordinative behaviour of these compounds differs markedly from common tertiary
phosphines and from diimine ligands, despite the presence of structural similarities. An illustrative example of sp’
hybridized phosphorus compounds are the 1,2-diaryl-3,4-bis[(2,4,6-tri-t-butylphenyl)phosphinidene]cyciobutenes,
abbreviated as DPCB. In addition to possessing a lone pair of electrons on each phosphorus which can act as a = -
donor, they also possess low-lying = # orbitals which are strong x -acceptors towards transition metals.

Furthermore. extended conjugation allows for a considerable degree of tunability, that is to say, the electronic
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characteristics of functional groups distant from the active site can have a considerable influence on the chemistry of
the metal center. These properties lead to unique coordination properties and have been applied to the development

of unusual complexes and new catalytic systems.

Chapter 1. An Efficient Preparation of 3,4-Diphosphinidenecyclobutenes

Until recently, the preparation of DPCB analogues was conducted using one of two related synthetic protocols.
Although both have proven useful, both require the use of moisture sensitive intermediates, are operationally tedious,
and generate large amounts of chemical waste. A new synthetic method found by lithiation of TMS ether B
followed by treatment with an appropriate quantity of dibromoethane could lead to condensation and cyclization
leading to DPCB as the major product. (Schemes 1, 2) This protocol is efficient, operationally simple, and provides

DPCB compounds in good overall yields.

Chapter 2. Synthesis and Catalytic Properties of Cationic Rhodium(I) and Palladium(II) Complexes Bearing
Diphosphinidenecyclobutene Ligands

The unique electronic structure of low-coordinate phosphorus compounds has lead to considerable interest in their
coordination chemistry. In efforts to further explore the coordination behavior of these ligands and the reactivity of
the resulting complexes, a series of cationic rhodium(l) and dicationic palladium(Il) complexes bearing DPCB
ligands was prepared and evaluated. (Figure 1) The respective complexes were prepared via ligand exchange.
(Schemes 3-5) The catalytic activity of the complexes was evaluated in the hydroamidation of «,? - unsaturated
ketones, a synthetically useful reaction that is known to be acid catalyzed. (Scheme 6) The catalytic performance of

1a was examined for a variety of structurally diverse enones.

Chapter 3. Application of Diphosphinidenecyclobutene Ligands towards Palladium Catalyzed Cross coupling
Reactions: Cross coupling of Aryl Bromides with Organostannanes and Cyanation of Aryl Bromides
Transition metal catalyzed Stille cross-coupling reactions are a well-established method for the formation of C-C
bonds between sp’ hydridized carbons. The effectiveness of DPCB complexes in this reaction well demonstrates the
unique electronic properties of phosphaethenes. After optimization of reaction conditions, it was found that
favorable results were obtained by the reaction of 4-bromoanisole with 1.1 equivalents of tributyl(vinyltin in the
presence of 2 equivalents of CsF and 2 mol% of DPCB/Pd(OAc). in 2 mL of dioxane at 100°C. (Scheme 7) A
variety of aryl bromide and tin substrates gave the corresponding coupling product in good to excellent yields.
Benzonitriles are frequently encountered in organic chemistry, appearing in a variety of useful compounds.
Furthermore, the cyano group provides a useful synthetic intermediate, being easily transformed into other
functionalities. [n addition to other synthetic methods, palladium-catalyzed cyanation has been investigated as a
route to aromatic nitriles. The catalyst system was evaluated against a broad range of substrates exhibiting a wide
functional-group tolerance. (Scheme 8) The excellent conversion of 1-bromo-4-nitrobenzene was particularly
gratifying. In comparison, identical reaction conditions employing PPh; or dppf as ligand as opposed to DPCB
provided 45% and 46% conversion of the nitro-arene, respectively. The high reactivity of sterically congested 2,4,6-

trimethylphenyl bromide was a pleasant surprise, giving the cyanation product in 83% yield.
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Chapter 4. Solid-supported Diphosphinidenecyclobutene as a Solid-phase Catalyst: Direct Allylation of Aniline
with Allyl Alcohol

The immobilization of homogeneous catalysts has been demonstrated to be an effective approach towards the
construction of useful catalytic systems. Immobilized catalyst and reagent systems can offer several key advantages,
one being the relative ease of separation of the immobilized component from the reaction mixture. In addition to
affecting procedural aspects of a reaction, the polymer matrix can form a unique microenvironment with respect to
the reactants having pronounced influence on the course of the reaction.

Immobilized ligand was constructed from PS-PEG-Br (TentaGel S-Br, (.25 mmol Br/g, Rapp Polymere GmbH)
via an ether linkage by first swelling the solid support in dimethylformamide, then adding hydroxylated DPCB and
an excess of potassium carbonate. The suspension was mechanically shaken at ambient temperature for 48 hours,
then shaken at 50 ‘C for an additional 48 hours. (Figure 2) A r -allyl palladium complex of the supported ligand
was prepared by swelling the resin in dichloromethane followed by treatment with [Pd( x -allyl)( s« -Cl)]..
Subsequent treatment with silver triflate followed by repeated washes with dichloromethane provided the
immobilized catalyst. (Figure 3)

Direct allylation of aniline was chosen as a test case for the immobilized ligand. (Scheme 9) It has been
previously reported that a catalyst system utilizing a ( = -allyl)Pd complex of methoxy DPCB facilitated direct
elaboration of aniline with allyl alcohols. In the present study, the resin was found to catalyze the allylation of
aniline at room temperature in toluene with a 0.1 mmol% catalyst load. Yields calculated from aniline were
typically around 64% with the remaining material being comprised of roughly equal quantities of starting material
and diallylated aniline. Reactions were complete within 3 hours and the resin remained active for about 5 runs

before showing signs of lost activity.

Chapter 5. Novel Ferrocene Derived Phosphaethene Compounds: Synthesis, Complexes, and Catalysis

The use of ferroceny! phosphine ligands in coordination chemistry has been well studied and applications towards
catalysis are numerous. With the aim of discovering a ligand suitable for catalytic applications, a number of
ferrocene-derived phosphaethenes were prepared. The first was compound 2, a 1,1'-disubstituted compound
structurally refated to dppf and was prepared from the corresponding bis-aldehyde by means of a phospha-Peterson
reaction. In hopes to prepare a chiral ligand, the chemistry of (dimethylaminomethyl)ferrocene was explored. It has
been well established that N,N-dimethyl-1-ferrocenylethylamine can be ortholithated and functionalized in an
enantioselective manner. Due to the high cost of the chiral amine, exploratory reactions were performed with the
readily available achiral analogue. Ortholithiation followed by formylation proved to be straightforward as well as
elaboration of the resulting aldehyde via phospha-Peterson reaction to give the desired phosphaethene 3. Attention
was then turned towards a mixed donor ferrocene derivative which contains both an sp® and an sp’ hydridized
phosphorus. Compound 4 was prepared from a known aldehyde via phospha-Peterson reaction in good yield.

A variety of transition metal complexes were prepared and characterized, several of which are shown here.
Complex 5. a dichloro platinum complex, was prepared by ligand exchange with an appropriate substrate. Dinuclear
rhodium complex 6 was also prepared. A dimethyl platinum complex, 7, was prepared from the requisite precursors
to give a highly crystalline red solid. The dicationic mixed donor complex 8 was prepared via ligand exchange to
give the desired complex as a purple amorphous solid.

The dicationic palladium complex was evaluated for catalytic activity in the hydroamidation of cyclohexenone

with benzyl carbamate. (Scheme 6) The complex was found to be active at 1 mol% giving complete conversion as
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determined by both GC and HNMR in 2 hours. Modest enantioselectivity was observed with the target molecule

being produced in 64% isolated yield and 20% enantiomeric excess. A 7 -allyl palladium complex 9 was also

prepared and evaluated in the catalytic hydroamination of dienes and the direct allylation of aniline. The

hydroamination reaction was found to proceed in 20% ee.
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