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ABSTRACT

Transition metal-catalyzed cross-coupling has provided an exceptionally powerful
approach to carbon-carbon bond formation, allowing chemists to solve a number of important
problems in organic synthesis. However, by the early 2000s, its application to the formation of
alkyl-alkyl bonds had been limited by the slow oxidative addition of palladium catalysts toward
alkyl halides and the tendency of transition-metal-alkyls to undergo p-hydride elimination. Since
then, complexes based on nickel, an earth-abundant metal, have emerged as efficient catalysts for
the nucleophilic substitution of alkyl electrophiles. The propensity for nickel to access a range of
oxidation states allows it to react via one-electron pathways to generate radical intermediates,
opening the door to couplings of sterically-hindered electrophiles and offering a ready mechanism
for enantioconvergence.

Our group has applied nickel catalysts to substitution reactions of activated and unactivated
2° and 3° alkyl electrophiles by carbon— as well as by heteroatom-based nucleophiles, including a
number of enantioconvergent processes. However, given the enormous range of conceivable
coupling partners, many interesting challenges have yet to be addressed. The application of nickel-
catalyzed substitution reactions to the synthesis of diverse families of compounds, particularly
those with frequent uses in organic synthesis and pharmaceutical science, is described in this thesis.
While reaction development is the primary focus of this work, a variety of synthetic applications
and mechanistic investigations are also detailed within.

Chapter 2 describes two methods for the catalytic enantioconvergent synthesis of amines,
which involve the coupling of an alkylzinc reagent with a racemic electrophile (specifically, an a-
phthalimido alkyl chloride and an N-hydroxyphthalimide ester of a protected a-amino acid). A one-
pot variant of this transformation is possible, enabling the efficient enantioselective synthesis of a
range of interesting target molecules. Several mechanistic insights are also detailed.

Chapter 3 outlines the nickel-catalyzed alkylation of racemic a-haloglycine derivatives, a
class of electrophile previously unemployed in metal-catalyzed asymmetric cross-coupling
reactions, with alkylzinc reagents to generate protected unnatural a-amino acids. This method is
applied to the generation of several enantioenriched unnatural a-amino acids that have previously
been shown to serve as useful intermediates in the synthesis of bioactive compounds.

Chapter 4 details the development of a nickel-catalyzed cross-coupling for the asymmetric
synthesis of protected thiols. The synthesis of an N-hydroxyphthalimide ester containing a geminal

thioester (a previously unreported class of molecule with no applications to cross-coupling) is
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described, along with its reactivity toward alkylzinc reagents and other classes of organometallic
nucleophiles.

Chapter 5 examines the ability of nickel to catalyze the nucleophilic fluorination of
unactivated alkyl halides, a transformation whose application to the synthesis of alkyl fluorides has
been impeded by the low nucleophilicity and high basicity of fluoride. The reactivities of

unactivated 1°, 2°, and 3° alkyl bromides, as well as several preliminary mechanistic investigations,
are presented.
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