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Development of novel amphiphilic polymer—-supported palladium
complexes and their application to C-X bond-forming cross—

coupling reactions in water
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Summary of thesis contents

Palladium-catalyzed cross-coupling reactions are indispensable tool in industrial
field as well as academic field. The C-N bond-forming cross-coupling reactions are
relatively latest in the long history of the palladium-catalyzed cross-coupling
reactions. Since Buchwald and Hartwig discovered that the cross-coupling reaction
of aryl halides and various amines could be catalyzed by palladium complexes, the
catalytic amination of aryl halides has been called as Buchwald—Hartwig reaction.
This reaction has intrigued synthetic chemists and is generally recognized as one of
the most powerful methods for preparing a variety of arylamines. However, in spite
of increasing concern for the environment and the safety of chemical processes, only
scattered interest has been given to the heterogeneous- and aqueous-switching of
catalytic amination, which would provide a green alternative to the
Buchwald-Hartwig reaction. Arylamines have generated considerable interest
owing to their presence as biologically active compounds and materials for organic
electronics. Efficient removal of the metal complexes from the reaction mixture of
the catalytic amination process would allow not only the recovery of costly
noble-metal complexes but also the production of metal-free arylamines to provide
clean compounds with improved biological and electronic utility. Especially, the
heterogeneous- and aqueous-switching of catalytic preparation of triarylamine is not
accomplished.

Our group has recently developed amphiphilic polystyrene—poly(ethylene glycol)
(PS-PEG) resin-supported transition metal catalysts which promote various catalytic
transformations smoothly in water under heterogeneous conditions, including
palladium-catalyzed arylation (Suzuki—Miyaura coupling), alkenylation (Heck
reaction), alkynylation (Sonogashira coupling), carbonylation of aryl halides, n-allylic
substitution (Tsuji—Trost reaction), and cyclization of 1,6-enynes. If the aromatic
amination could be achieved in water with readily recoverable immobilized catalysts,
the transformation would represent what may be considered an ideal amination
process.

From the viewpoint of above, I decided to study in order to solve these problems by
amination with recyclable heterogeneous catalyst in water and tried to develop the
amphiphilic PS-PEG resin-supported palladium catalyst for Buchwald-Hartwig type
amination based on the concept introduced by our group. As a result, I achieved
catalytic aromatic amination in water under heterogeneous conditions by the use of
amphiphilic PS-PEG resin-supported bulky alkyildi(¢ert-butyl)phosphine as a ligand

to provide various substituted triarylamines up to 92% yield. (Scheme 1).
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Scheme 1. Synthesis of triarylamines via aqueous heterogeneous Buchwald-

Hartwig reaction.

Aromatic amination of aryl halides with diphenyl amine and N, N-double arylation
of anilines with bromobenzene were found to proceed in water with broad tolerance of
substrate to give the triarylamines in high yield with high recyclability of the
catalyst-anchored polymeric beads. Very little palladium leached from the polymeric
catalyst under the water-based reaction conditions to provide a green and clean
(metal-uncontaminated) protocol for the preparation of triarylamines, including the
optoelectronically active N,N,N’,N*tetraaryl-1,1’-biphenyl-4,4’-diamines (TPDs)
(Scheme 2).

—O (0] n PtBU2

[PACI(n3-C3Hs)]2 Q
(5 mol% Pd; P/Pd = 2/1)
@ ag. KOH, reflux @

Scheme 2. Preparation of N,N,N’,N’-tetraaryl-1,1’-biphenyl-4,4’-diamines (TPDs)

through diamination.

With the efficient aqueous heterogeneous catalytic system for the C-N
bond-forming cross-coupling reaction in hand, I next examined the C-S bond-forming
cross-coupling reaction with the same catalyst. The C-S bond-forming cross-coupling
reaction is useful method for active pharmaceutical ingredients which require low

palladium contamination, and optoelectronically active materials. Therefore, I tried
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to apply the present catalytic system to the thiolation of aryl halides with thiophenol
and achieved that (Scheme 3).

o O |, PBu,

PdCI(n>-C3H
aBr + Hsar  —Lracln-CaHs)l, ArSAr
ag. KOH, reflux
up to 96%

Scheme 3. C-S Bond-forming cross-coupling reaction of bromoarenes in water.

Finally, I focus on the C-P bond-forming cross-coupling reaction of aryl halides and
dialkylphosphine with palladium phosphine catalyst. In many cases, the
coordination of resultant phosphine products to palladium prevents the C-P
bond-forming cross-coupling reaction. Thus there 1is only one report on
phosphination of aryl halides and dialkylphosphine with palladium phosphine
catalyst. The immobilized palladium complex, coordinated by an amphiphilic
PS-PEG resin-supported alkyl di(zert-butyl)phosphine ligand, could overcome
poisoning of the resultant phosphine products owing to strong coordination of the
alkyl di(tert-butyl)phosphine ligand and catalyzed phosphination of aryl halides with
dialkylphosphine in water (Scheme 4).

o O |n PBu,

[PACI(n*-C3Hs)],
et V2 ag. KOH, reflux v2
up to 91%

Scheme 4. C-P Bond-forming cross-coupling reaction of bromoarenes in water.

In conclusion, I have developed a novel C-X, such as C-N, C-S, and C-P,
bond-forming catalytic protocol with an amphiphilic polymeric palladium complex of
sterically demanding alkyl di(tert-butyl)phosphane ligand in water under
heterogeneous conditions to realize a high level of chemical greenness (recycling and

metal-uncontamination).
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