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Abstract

Transition metal catalyzed organic synthesis is the frontier area in
chemical community. As one of the most powerful tool, cross-coupling is
the efficient method for constructing C—C and C-heteroatom bonds. Up
to now, aryl or alkenyl halides are the major electrophiles employed in
cross -couplings. As another important type of electrophile, alkyl halides
has yet less been applied. In this thesis, a brief introduction of cross -
couplings was first reviewed. The development of alkyl halides related
cross - couplings was then surveyed in details. The research work of this
thesis was focused on the cross -couplings of activated alkyl halides. De-
tails are as followings:

1. Palladium enolate and benzylpalladium complexes were synthe-
sized via the direct oxidative addition of deshyl chloride and benzyl chlo-
ride with Pd(0) , respectively. Palladium enolate complex was determined
to be a simplex carbon bound palladium enolate by VT NMR and X -ray
analysis. Benzylpalladium complex was characterized to have a benzyl n’
coordination to palladium center. The palladium enolate is unstable in so-
lution and will gradually decompose to homo -coupled product and a half
of PA(II) and a half of Pd(0). The mechanism of this decomposition
was studied in detail. The dimerization of the palladium enolate is the
key step. Then, the disproportionation of the dimer releases a half of
Pd(1II) species and diorganopalladium intermediate. The bulky Csp’—
Csp’ reductive elimination affords the homo - coupled product and a half
of Pd(0) species.

2. Based on the decomposition of the palladium enolate, activated
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Abstract

zinc was applied as the reductant to achieve Pd-catalyzed reductive cou-
pling of a - carbonyl secondary alkyl halides. Tetraaryl - 1,4 - diketones
were easily obtained. Mechanistic study showed that the insight of the
reductive coupling is actually the cross-coupling of a-carbonyl secondary
alkyl halides with in situ formed zinc enolate. Then, zinc enolate was
prepared to cross-couple with a different a-carbonyl secondary alkyl hal-
ides to achieve unsymmetric 2,3 -diaryl-1,4-diketones in the presence of
palladium catalyst.

3. The cross - coupling of « - carbonyl secondary alkyl halides with
arylboronic acids was achieved in the presence of Ni( PPh, ), as the cata-
lyst. A variety of a -aryl carbonyls were constructed. o - Bromoesters,
o -bromoamides and o -bromoketones were well introduced to couple with
a number of arylboronic acids. o - Carbonyl alkyl chlorides are also suit-
able coupling partners. Water is also an essential factor to promote the
coupling reaction. The ideal ratio of water to K,PO, is 1. 5:1. Free radi-
cal capture experiments showed that a radical process might be involved
in this coupling reaction. Ni(I), Ni(II) and Ni(IIl) species possibly
participated in the catalytic cycle.

4. Based on the mechanistic investigation of Ni-catalyzed cross-cou-
pling of a - carbonyl alkyl halides with arylboronic acids, a Heck - type
alkenylation of secondary and tertiary alkyl bromides were accomplished
in the presence of Ni( PPh,),/dppp as the catalyst. This work provides a
novel method for the synthesis of « - alkenyl carbonyls. A novel radical
process involving Ni(I1)/Ni(II) in the catalytic cycle was proposed for
this transformation, which is different from the classic Pd - catalyzed
Heck reaction.

5. Based on the study of benzylpalladium complex, a Pd - catalyzed
oxidative esterification was achieved by using benzyl chloride as the oxi-
dant. In the presence of PdCl, ( PPh, ), as the catalyst, a variety of pri-
mary alcohols were selectively converted to the corresponding esters.
Mechanistic study exhibited that benzyl group is essential for the selec-
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Abstract

tive esterification. Based on the results, a concept of covalent ligand
effect was stated in this thesis. The covalent benzyl effect was later ap-
plied to the Pd -catalyzed oxidative cross-esterification of aldehydes with
alcohols. In addition, replacement of benzyl chloride by the greenest ox-
idant oxygen was then investigated to achieve oxidative esterification of

benzyl alcohols with aliphatic ones.

Key words: Activated alkyl halides Palladium catalyst Nickel cata-

lyst Palladium enolates «-Functionalization Oxidative esterification
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