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Development of efficient, safe, and green molecular transformations is an essential goal
of organic chemistry. In-water organic reactions have recently attracted much attention
because water is the safe and accessible medium. On the other hand, heterogeneous
catalysts have been recognized as powerful tools for realizing environmentally benign
organic transformations because of the ease with which they can be recovered and reused.
Consequently, there are good reasons to believe that heterogeneous catalytic in-water
organic molecular transformations might offer a more-favorable green and clean alternative
to conventional organic processes. As a part of the recent trend of green-switching in
organic reactions, this author developed novel catalytic organic transformation systems
working in water. Thus, this thesis describes (1) development of a new amphiphilic
polystyrene-poly(ethylene glycol) polymer (PS-PEG) resin supported silver nanoparticles
(ARP-Ag) (Chapter 1), (2) chemo-selective carbonyl hydrogenation in water with ARP-Ag
catalyst (Chapter 1), (3) cyanide-free cyanation of aryl halides in water with a PS-PEG
palladium catalyst (Chapter 2), and (4) hydration of nitriles under mild conditions with ARP-
Ag catalyst (Chapter 3).

Reduction of carbonyl compounds forming corresponding alcohols is one of the most
fundamental and important yet immature processes in organic chemistry. Traditional
selective carbonyl (C=0) reductions have been performed with stoichiometric amounts of
hydride reagents (e.g. NaBH4, LiAlH4, 2-PrOH (MPV reduction), etc.). While the simplest
reducing agent is molecular hydrogen itself, chemoselective C=0 hydrogenation has not
well developed. If carbonyl selective reduction with molecular hydrogen proceeds with
high C=0 chemoselectivity over C=C and C=C groups by a heterogeneous catalyst, it
would offer an ideal alternative for the conventional hydride reduction of carbonyls. In this
thesis, the author has developed catalytic chemoselective hydrogenation of carbonyl
compounds by using polymer-supported silver nanoparticles. Thus, silver nanoparticles
dispersed in an amphiphilic polystyrene-poly(ethylene glycol) polymer (ARP-Ag) have been
developed (Scheme 1) and applied for the chemoselective hydrogenation of carbonyl
compounds under batch as well as flow conditions. A set of basic results of C=0/C=C
selective hydrogenation with ARP-Ag are shown in Scheme 2.
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Scheme 1: Preparation of ARP-Ag. (a) preparation method (b) optical microscopic
image (c) transmission electron microscopic image (d) size distribution of Ag
nanoparticles
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hydrogenation (yield%) C=0 selectivity

cat Ph-CH,CHg / PhCH,OH (excess %)

Pd/C 100 / 56 -208
ARP-Pt 25/ 9 —47
ARP-Pd 72/ 18 -80
ARP-Au <1/ <1 NA
ARP-Ag <1/32 =09
ARP-Cu <1/12 >99

PhCH,OH (%) — PhCH,CH., (%)
PhCH,OH (%) — PACH,CH (%)

x 100

C=0 selectivity =

Scheme 2: Chemoselective Hydrogenation of Benzaldehyde (vs. styrene)

The flow hydrogenation of various aldehydes and reactive ketones efficiently proceeded
in aqueous solutions within a few minutes in a continuous-flow system containing ARP-
Ag to give the corresponding alcohols in up to 99% yield. Interestingly, carbonyl
compounds bearing reducible alkynes and alkenes underwent the chemoselective



continuous-flow hydrogenation to afford the alcohols with alkynes and alkenes intact
(Scheme 3). The catalytic activity of ARP-Ag was retained for at least 2 weeks in the
long-term continuous-flow hydrogenation of benzaldehyde and the total turnover number
(TON) of the catalyst reached 8560 for 336 h. The flow hydrogenation system provides
an efficient and practical method for the chemoselective hydrogenation of carbonyl
compounds bearing reducible alkynes and alkenes.

ARP-Ag
230-690 mg
0.059-0.177 mmol Ag

substrate I:> |:> product

Na,CO; (1 equiv.), H,O/EtOH or H,O/BuOH
100-120 °C, 0.3-0.5 mL/min
system pressure: 10-60 bar
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Scheme 3: Chemoselective Hydrogenation in Flow

Aromatic nitriles have aroused considerable interest because of their presence in a wide
range of biologically and therapeutically active compounds as well as functional organic
materials. They are also among the most versatile synthetic intermediates because the
cyano group can be readily transformed into various functional groups. In general, aryl
nitriles are prepared by cyanation by using cyanide reagents or cyanide surrogates
generating cyanide (CN-) species in situ. Thus, the development of a catalytic protocol to
introduce a nitrile group onto aromatic rings via a reaction that does not involve
potentially toxic cyanide species remains a major challenge. In this thesis, the author
developed a cyanide-free cyanation of aromatic iodides with nitromethane in water using
amphiphilic PS-PEG resin-supported phosphine-palladium catalyst in the presence of 1-
iodobutane as an alkylating agent. The cyanation proceeded through cross-coupling to
form nitromethylarenes in situ, transformation into aldoxime, and subsequent dehydrative
nitrile formation to afford the desired aromatic nitriles. The catalytic cyanation process
does not involve a cyanide salt/cyanide species, thereby offering a novel safe alternative
to aromatic cyanation. The reaction was performed in water with a readily recyclable
polymer, resulting in high chemical greenness.
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Scheme 4. Cyanide-free Cyanation of Aromatic Nitriles

ARP-Ag was found to promote hydration of nitriles under mild conditions to give the
corresponding amides. Conventionally, the hydration of nitriles required strong acid/base
conditions to form amides, which often caused over-hydrolysis of the amides into
carboxylic acids, and sensitive functional groups do not tolerate such harsh reaction
conditions. While various homogeneous as well as heterogeneous catalytic systems have
been developed so far to achieve the nitrile hydration for selective formation of amides,
development of a catalyst exhibiting high catalytic performance and wide substrate
tolerance still remains a major challenge. ARP-Ag catalyzed hydration of both aliphatic
and aromatic nitriles in water without any side reactions (Scheme 5). A wide variety of the
nitrile substrates converted into the desired amides as analytically pure products without
chromatographical purification. Interestingly, internal and terminal alkynes were intact for
this reaction.
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Scheme 5. Hydration of Aliphatic and Aromatic Nitriles
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