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The development of polymer-immobilized heterogeneous organocatalysts is an important
research area for advancing the molecular transformation in organic synthesis. 4-
Dimethylaminopyridine (DMAP) is one of the most frequently used organocatalysts; its
immobilization onto polymers has been extensively investigated over the past 50 years. Among the
polymer-immobilized DMAP catalysts reported to date, the covalent bond-based strategy is
commonly used to immobilize DMAP on polymer side chain. However, this widespread strategy
often decreases their catalytic activities by the side-chain on the amino nitrogen of DMAP. This
longstanding issue is well-known in the field; a new strategy is desired to achieve high catalytic
activity in polymer-immobilized DMAP catalysts. In the context of this doctoral thesis, polymer
matrix possessing perfluorohalogenated aryl motifs was developed and applied to DMAP-pendant
polymer (PDPXpwmar) as a nucleophilic catalyst. It was revealed that PDPXpwmap catalysts

efficiently promoted the acyl rearrangement reactions of benzofuranones and azlactones.

In Chapter 1, a comprehensive overview is provided, including previously reported polymer-
immobilized DMAP catalysts, the underlying framework of the developed strategy focued on
polymers with halogen-bonding (XB) donor motifs, and the scope of this thesis At first, polymers
with XB donor are exemplified based on literature reviews. Subsequently, the design concept in
the doctoral study is described in detail. The thesis focuses on the synthesis of DMAP-pendant
polymers and the catalysis through halogen bonding. The developments in the doctoral study would

provide a good alternative to previously reported polymer-immobilized DMAP catalysts.

WRE©

DMAP
DMAP

2 PDPXpmapr

Figure 1. Design of DMAP-pendant polymer catalyst using halogen bond donor motifs



In Chapter 2, the synthesis of DMAP-pendant polymer is provided in detail. As an initial
study, syntheses of 2,3,5,6-tetrafluoro-4-halostyrene (TFXS) as functional monomers were
examined. Particularly, the Wittig reaction, which is the final step in the synthesis of TFXS, was
systematically investigated. The base, reaction time, reaction temperature, solvent, and equivalents
of reagents were explored using 2,3,5,6-tetrafluoro-4-iodobenzaldehyde. It was found that 1,1,3,3-
tetramethylguanidine (TMG) was the optimal base, resulted in a 53% yield of TFIS (Scheme 1a).
The number of nitrogen atoms as halogen bonding acceptors in the organic base played an
important role in the production of TFXS. The radical polymerization of TFIS as functional
monomer, styrene, and divinylbenzene as a crosslinking reagent was carried out with using the
2,2’-azobis-2,4-dimethylvaleronitrile (ADVN) as an initiator to obtain the halogen-bond donor-
introduced polymer (PX). Elemental analysis and energy dispersive X-ray spectroscopy (EDS)
confirmed the presence of perfluoroiodobenzene units. Subsequently, DMAP was introduced to
yield PDPXpmap catalysts (Scheme 1b). Dynamic nuclear polarization (DNP) "N-NMR of
PDPXpmap might indicate interactions between DMAP and PDPX. Further, details on the
optimization of the Wittig reaction, the radical polymerization, and preparation of polymer

catalysts are provided in Chapter 2.
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Scheme 1. (a) Wittig reaction of 2,3,5,6-tetrafluoro-4-iodobenzaldehydes;
(b) Preparation of DMAP-pendant polymer catalyst

In Chapter 3, the application of PDPXpmap to heterogeneous catalysis are summarized, with
a focus on the acyl rearrangement reaction of benzofuranones (Scheme 2). The PXs derived from

different amounts of divinylbenzene (DVB) as a cross-linking reagent for TFIS, i.e. 0.01, 0.1, 1,



and 15 equivalents of DVB, were evaluated to develop the heterogeneous catalysis, particularly in
H>O. Among them, PDPXpMmapr from 15 equivalents of DVB afforded the desired product in higher
yield compared to the ones derived from 0.01 and 1 equivalent ones. In sharp contrast, DMAP
without a polymer matrix and commercially available polystyrene-based catalyst (PSpmap) did not
promote the reaction, resulting in the desired products with yields of less than 10%. Investigation
into the scope of this heterogeneous catalysis revealed that a variety of substituents on O-acyl
benzofuranones was tolerated, providing the corresponding acyl-rearranged products in good to
high yields. Further details on the initial study, substrate scope, reuse of PX, and reaction

mechanism are described in Chapter 3.
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Scheme 2. Representative results for acyl rearrangement reaction of benzofuranones

in H,O catalyzed by PDPXpmap

In Chapter 4, application of PDPXpmar to solvent-free heterogeneous catalysis is
summarized, with a focus on acyl rearrangement reaction of azlactones (Scheme 3a). Similar to
Chapter 3, the PXs derived from different amounts of divinylbenzene (DVB) as a cross-linking
reagent for TFIS, i.e. 0.01, 0.1, 1, and 15 equivalents of DVB, were evaluated to develop solvent-
free heterogeneous catalysis where PX is used as the reaction mediator. Among these, PDPXpmap
prepared from 0.1 or 0.01 equivalents of DVB provided the desired product in higher yields
compared to those obtained from 1 and 15 equivalents of DVB. Under a 25 mol ppm catalyst
loading, the rearranged product was obtained in high yield, high TON (turnover number), and high
TOF (turnover frequency) (97% yield, TON 38,800, TOF 1,293 min~' at 60 °C for 30 min). The
catalytic activity of PSpmap was lower than that of PDPXpwmap. To simplify the preparation of
functional monomer TFIS for PX, 4’-ethenyl-2,3,5,6-tetrafluoro-4-iodo-1,1'-biphenyl was selected
as an alternative functional monomer and applied to the halogen-bond donor-introduced polymer
DMAP catalyst, affording PDBPXpwmap. It was revealed that the catalytic activity of PDBPXpmar
was similarly to that of PDPXpwmap. Therefore, PDBPXpmap was used for further study. It was
found that PDBPXpwmap exhibited excellent catalytic activity for a wide range of substrates. To
demonstrate the utilities of solvent-free heterogeneous catalysis for acylated azlactones, the
rearranged products were subjected to aminolysis conditions to afford tetrasubstituted amino acid
derivatives in a one pot reaction (Scheme 3b). Furthermore, this system was applicable to
asymmetric catalysis. Detailed studies on reaction optimization, substrate scope, application to
amino acid derivatives, and asymmetric acyl rearrangement reaction of azlactones are described in

Chapter 4.
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Scheme 3. (a) Representative results for solvent-free acyl rearrangement reaction of azlactone

catalyzed by PDBPXpwmar; (b) Representative results for synthesis of amino acid derivatives in one

pot

In Chapter 5, the studies conducted for this thesis are summarized, and perspective of DMAP-

pendant polymer catalysts is described.
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