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For recent a couple of decades, the development of green, sustainable, safe, and
economical chemical processes has been recognized as one of the major. issues in
current organic chemistry. There is a good reason to believe that the replacement of
organic solvents with water (d.k.a. aqueous-switching), the use of cheaper and
more-abundant elements/reagents/catalysts (ubiquitous-éwitching), or the recycling of
the precious transition-metal species would offer a green and sustainable alternative to
conventional organic transformations. In the light of this background, this author has
been committed to developing the greener catalytic systems for organic molecular
transformations. Thus, this. author describes a facile and green synthesis of
4(3H)-quinazolinones by using camphorsulfonic acid as a catalyst under aqueous
conditions (Chapter 1), copper-catalyzed reduction of azaarenes and nitroaromatics
with diboronic acid as a green and safe reducing agent (Chapter 2), and the
development of an amphiphilic polymer-supported homochiral rhodium complex
realizing catalytic asymmetric Michael addition of boron reagents (Chapters 3 and 4).

In Chapter 1, this author has developed an efficient, metal- and oxidant-free
green approach for the synthesis of 2-substituted 4(3H)-quinazolinones.

4(3H)-Quinazolinones are building blocks of many naturally occurring alkaloids
and marketed drugs. It should be noted that most reported methods for the preparing
of 4(3H)-quinazolinones request expensive transition-metal catalysts in the presence
of oxidants and bases under harsh reaction conditions. Therefore, more
environmentally benign and efficient methods to approach valuable quinazolinone
derivatives are highly desirable.

This author has found that various 2-aryl-, 2-alkyl-, and 2-(4-oxoalkyl)-
quinazolinones were readily prepared by successive condensation of
2-aminobenzamides with a wide range of acyclic or cyclic 1,3-diketones,
intramolecular nucleophile addition, and selective C-C bond cleavage, catalyzed by
natural camphorsulfonic acid in an aqueous ethyl lactate solution (33 examples,
35-98% vyield). This author also proposed a plausible reaction pathway for this

reaction.



In Chapterv 2, a ligand-free copper-catalyzed reduction of azaarenes with
diboronic acid as reductant in an aprotic solvent under mild conditions has been
developed.

1,2,3,4-Tetrahydroquinolines and related N-heterocycles are important moieties in
fine chemicals etc., and the reduction of readily available quinolines is a
straightforward method for preparing such compounds. Numerous efforts have been
focused on exploring new and efficient catalysts and reductants, as well as on
developing simple and green procedures, however, the reported methods have several
drawbacks, such as a lack of chemoselectivity, the need to handle flammable hydrogen
gas, the use of relatively expensive metal catalysts, harsh conditions. Given these facts,
it is highly desirable to develop novel, efficient, and practical methods for preparing
1,2,3,4-tetrahydroquinolines and related compounds.

This author found that copper catalyzed the reduction of azaarenes with
diboronic acid as a reductant in acetonitrile under mild conditions to give the
corresponding tetrahydroquinolines in up to 98% yield. Most interestingly, the
nitroazaarenes could be reduced exclusively to give the corresponding amines without
touching the azaarene moieties. Furthermore, the reductive amination of aromatic
nitro compounds and aromatic aldehydes has also been realized. A series of
hydrogenated azaarenes and secondary amines were obtained with good functional
group tolerance. Reductive amination of aromatic nitro compounds and aromatic
aldehydes with diboronic acid were also reported.

In Chapter 3, this author reports the development of a rhodium-chiral diene
complex immobilized on an amphiphilic polystyrene-poly(ethylene glycol) (PS-PEG)
resin (PS-PEG-diene*-Rh) and its use in the asymmetric 1,4-addition of arylboronic
acids to enones (a.k.a. Miyaura-Michael addition) in water under heterogenous
conditions.

The asymmetric 1,4-addition of organometallic reagents to enones is widely used
as an efficient and important C-C bond-forming process, providing chiral
B-substituted carbonyl compounds that are useful as chiral building blocks in organic
synthesis. Although various chiral rhodium catalysts have been developed to achieve
highly enantioselective 1,4-addition of arylboronic acids to enones, the asymmetric
reactions are generally performed in organic solvents under homogeneous conditions.

PS-PEG-diene*-Rh efficiently catalyzed the asymmaetric 1,4-addition of various
arylboronic acids to cyclic or linear enones in water under batch conditions to give
the corresponding pB-arylated carbonyl compounds in excellent yields and with
excellent enantioselectivity (up to 99% vyield, up to 98% ee). The catalyst displayed
excellent recyclability. Thus, the supported catalyst was readily recovered by simple
filtration from the resulting reaction mixture and reused 10 times without loss of its
catalytic activity and enantioselectivity (fresh 91% yield, 95% ee; 10th reuse 91%



| yield, 92% ee). This author also applied PS-PEG-diene*-Rh for the continuous-flow
reaction. In a flow reactor containing a cartridge of the immobilized rhodium-chiral
diene complex, the continuous-flow asymmetric 1,4-addition of phenylbronic acid to
cyclohex-2-en-one at 50 °C was completed within 10 seconds. The long-term
continuous-flow reaction for 12 h provided 11.7 g of (R)-3-phenylcyclohexanone with
939% enantioselectivity. The total TON of the catalysts reached 1073.

In Chapter 4, in order to extend the catalytic utility of PS-PEG-diene*-Rh, this
author examined the asymmetric arylative cyclization of alkynones in water. This
author prepared 2-methyl-2-(pent-3-yn-1-yl)-1H-indene-1,3(2H)-dione as an
alkynone substrate which underwent asymmetric arylative cyclization with
phenylboronic acid in the presence of PS-PEG-diene*-Rh in water to give 38% yield
of (E)-3a-hydroxy-8a-methyl-3-(1-phenylethylidene)-1,3,3a,8a-tetrahydrocyclopenta
[a]inden-8(2H)-one with 93% ee. Further improvement of the yield of the desired
product will be reported in due course.
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1. The sheets must be Japanese Industrial Standard (JIS) A4 vertical.

2. Each line shall have approximately 40 characters in Japanese or 80 characters in

English, and each page shall have 40 lines.
“
3. The top, bottom, and right margins must be 2 cm and the left one must be 2.5 cm.
4. Single spacing is required between the title and the text.

5. There must be no page numbers.

6. If the applicant is conferred a doctoral degree, this paper will be published on the

SOKENDAI Repository.



