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Rational Construction of Molecular Cages and Their Application in Catalysis

Yi-Tsu Chan
Department of Chemistry, National Taiwan University, Taipei 10617, Taiwan
E-mail: ytchan@ntu.edu.tw

Recently, 2,2":6',2"-terpyridine (tpy) ligands have garnered significant attention in
coordination-driven self-assembly, where multivalent ligands with appropriate geometries are
used to create diverse 2D and 3D metallo-supramolecular architectures in a one-pot
synthesis.!> Dynamic heteroleptic coordination with high fidelity has also proven to be a
crucial tool for constructing large, discrete structures. In this study, we present the construction
of a giant cuboctahedral Cd-48 complex through the cooperative assembly of a multivalent
system.? This Cd-48 coordination cage complex (CCC), with a 5-nm-sized cavity, is assembled
from 48 Cd(II) ions, and is highly suitable for hosting ultrafine metal nanoparticles. The
cationic framework of the cage accommodates anionic metal sources, and through adsorption
and subsequent reduction of these metal sources, we successfully synthesized three hybrid
materials: Au@CCC, Pd@CCC, and Pt@CCC. In each case, the resulting nanoparticles of Au,
Pd, and Pt are smaller than 4 nm, demonstrating the molecular cage’s effectiveness in
encapsulating metal nanoparticles. The synergistic effects between the CCC framework and
metal nanoparticle surfaces for catalysis are also discussed.
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Development of Artificial Catalytic Systems Inspired by Natural
Photosynthesis

Mio KONDO
Department of Chemistry, School of Science, Institute of Science Tokyo
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Artificial photosynthesis, a process mimicking natural photosynthetic reactions, is
believed to be a viable solution to energy and environmental problems, as it can cleanly produce
useful chemical energy sources (e.g., hydrogen and methanol) from earth-abundant substances
such as water and carbon dioxide. Among the two half-reactions involved in artificial
photosynthesis, the oxidation half-reaction corresponds to oxygen production via the four-
electron oxidation of water (2H20 — O, + 4H" + 4¢"), while the reduction of carbon dioxide or
water by the thus released electrons to afford a chemical energy source constitutes the reduction
half-reaction. As both of these half-reactions are small-molecule transformations requiring the
presence of catalysts, the development of highly efficient catalysts for small-molecule
conversion is important for the realization of artificial photosynthesis. Natural photosynthesis
achieves the efficient small molecule conversions by the synergistic effect between (1) an active
center with good reactivity, (2) charge-transporting sites close to the active center, and (3)
substrate-transporting channels. Inspired by the natural photosynthesis, we have been working
on the development of artificial catalytic systems for small molecule conversions. As a result,
we have obtained the highly active catalytic centers for water oxidation by the integration of
multielectron transfer ability and bond formation ability'. Moreover, it was revealed that
efficient catalytic system for water oxidation can be constructed by the integration of active
center and charge transfer site. In addition, we also demonstrated that efficient catalytic system
for carbon dioxide reduction can be obtained by the integration of adjacent active center and
reaction field.
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Total Synthesis of ()-Arnicenone via a Stereodivergent Angular Triquinane
Synthesis

Hung-Tse Huang, Li-Yun Wu, Chia-Hou Liu, Shubham Dighe, Yu-Wen Huang*
Department of Chemistry, National Tsing Hua University, Taiwan 300
E-mail: yawenhuang@mx.nthu.edu.tw

Angular triquinane consists of cyclopentanes fused in cis-fashions with
multiple all-carbon quaternary stereocenters embedded in the ring junctions. Its
unique structural complexity possesses a synthetic challenge. Therefore, natural
products, such as isocomene, siphenene, arnicenone,)> ? waihoensene, and
crinipellin A, containing angular triquinane have drawn a great deal of attention in
synthetic community. Here, we will discuss our strategy in the total synthesis of
arnicenone. During our study, we’ve developed stereodivergent pathways access to
both cis- and frans-angular triquinane skeletons. These pathways include an acid-
promoted formal [3+2] cycloaddition for the synthesis of trans-angular triquinane.
In addition, a [2+2] cycloaddition followed by a ring expansion route enabled the
formation of cis-angular triquinane, ultimately leading to the synthesis of arnicenone.
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via Catalysis for Sustainable Developments
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Most of the controlled/living polymerizations developed recently are based on a similar
strategy via reversible activation of dormant species into propagating species. This paper
focuses on the synergistic progress of living ionic and radical polymerizations.! Metal-
catalyzed living radical polymerization was developed by analogy with Lewis-acid catalyzed
living cationic polymerization, where both are based on the reversible activation of dormant
carbon-halogen bonds with metal catalysts. Cationic RAFT polymerization has also been
achieved using a similar strategy to radical RAFT polymerization with dormant thioester bonds
via degenerative chain-transfer process.? More recently, sulfur-free radical and cationic RAFT
polymerizations have been developed using exo-olefin compounds as RAFT agents.>* These
polymerizations enable the synthesis of novel polymers, such as chiral polymers® and
degradable polymers® with controlled molecular weights. Furthermore, this strategy has also
recently been used to develop proton transfer anionic polymerization by base-catalyzed
activation of C—H dormant terminals.
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contra-Thermodynamic Positional Isomerization: From Enoates to Alkenyl
a-Stereogenic Esters.
Hsuan-Hung Liao?
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Carbonyl compounds bearing a-stereogenic centers are ubiquitous motifs found in
bioactive natural products and pharmaceutical drugs, which attracts chemists’ interest to devote
in the synthetic field.! Among the most utilized methods to build this valuable motif is through
asymmetric alkylation of enolates which often employs chiral auxiliaries or chiral catalysts.?
Despite its notoriety, this route suffers from common disadvantages like the formation of
undesirable side products. Consequently, Norrish Type II Rearrangement has been developed
as an alternative route toward constructing quaternary centers. Although Norrish Type II
Rearrangement has long been established, the successful case of asymmetric Norrish Type 11
rearrangement is still limited. Moreover, a step- and atom-economy reaction known as
photodeconjugation which involved Norrish Type II rearrangement has been developed.
Photodeconjugation reaction mechanistically proceeds through E/Z isomerization, followed by
1,5-HAT and keto-enol tautomerization to afford the target motif utilizing enones as substrates.
In this study, the chiral phosphoric acid-catalyzed asymmetric Norrish type II rearrangement of
acyclic a, f-unsaturated ester under UV light irradiation has been developed. The reaction

afforded various acyclic enoates with excellent enantioselectivities and moderate to good yields.
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The catalytic conversion of CO2 co, Capture CO, Emission
into value-added chemicals such

as CO, CHas, CH3OH, C2:+OH, and
hydrocarbons using green H: *¢e

} 4
derived from renewable energy r """" d o mum
sources is important for the -
development of a carbon recycling Hydrogenation ncremias [
system (Fig. 1). Fgm -

Both the Sabatier reaction (CO2 T’i‘“‘l‘ """" - — Chgcas

+ 4Hz — CHa + 2H0) and the  Renevabie Hydrogen o ﬁ‘
reverse water-gas shift (RWGS) Fig.1 CO. hydrogenation to value-added compounds in
reaction (CO2 + H2 — CO + H:0) the carbon recycling process.
proceed competljuvely at ambl_ent RN/TIO, Rh-PITIO,
pressure. To achieve the selective 80 80
formation of CHs or CO by CO:2 70{ @ CH, 70 100 %
hydrogenation, it is necessary to reveal . %7 A CO 601  CO selectivity
the dominant factor for changing the < ig >0
selectivity in CO2 hydrogenation. We 3 31 j>
reported that the RWGS reaction ~ 2o
proceeds selectively by phosphorus- 107
loaded metal (various 3d, 4d, and 5d 373 473 573 673 773 373 473 573 673 773
metals) catalysts while the Sabatier Temperature / K Temperature / K

reaction proceeds mainly on TiO2-
supported metal catalysts (Fig. 2).
Structural analysis revealed that metal
phosphide NPs were formed on the phosphorus -loaded catalyst. The cationic metal species
in metal phosphides were found to selectively produce CO by preventing the cleavage of the
C-O bond of the CO molecule.

The direct synthesis of CH3OH from the hydrogenation of CO: attracted significant
interest. The methanol synthesis is an exothermic reaction (CO2 + 3H2 = CH3OH + H:0;
AH%gg = -49.5 kJ mol?), therefore, lower temperature and higher pressure conditions are
thermodynamically more favorable. Therefore, the development of versatile heterogeneous
catalysts that can operate at low temperatures (< 220 °C) is extremely important. \We found
that Pt/MoOXx/TiO:2 catalysts showed a high selectivity to CH3OH at low temperatures. The
addition of MoOx to Pt/TiOz2 improved both CO:2 conversion and CHsOH selectivity.
Generally, activation and cleavage of the stable C=0O bond of CO2 to form intermediate
species is considered to be the crucial step in catalytic CO2 hydrogenation. The assistance of
oxygen vacancies in MoOx may activate molecular CO2 and weaken the C=0 double bond.

Fig. 2 Phosphorus-Enhanced Rh/TiO, Catalysts:
A Leap in Selective CO; to CO Conversion.
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Palladium-Catalyzed Arylation of Cyclic Vinylogous Esters
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We recently developed the catalytic monoarylation and polyarylation of cyclic vinylogous esters.'?
The deprotonative arylation reactions occur at the relatively acidic o and/or y’ carbons of cyclic
vinylogous esters (Figure 1). Significantly, the regioselectivity of these processes could be well
controlled under customized conditions. Overall, this collection of arylation reactions has offered a
unique opportunity to rapidly assemble a variety of functionalized aryl-containing scaffolds.
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Figure 1. Arylation Reactions of Cyclic Vinylogous Esters.
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Our research group is interested in the development of new catalysts/molecules to
streamline organic synthesis. Several projects, like asymmetric C-H functionalization
under Cp*M(III)/organo-hybrid catalysts, bimetallic Schiff base catalysis, paddlewheel
chiral bimetallic catalysis, and metal/photoredox dual catalysis for deuterated building
block synthesis, dynamic covalent bonding chemistry with new TETRAD molecules,
hypervalent iodine for chemo-selective cleavage of stable C-Si bond, radio labeling of o.-
emitting astatine element (At-211) for cancer therapy, and others, are ongoing.

In this lecture, recent advances in asymmetric C-H functionalization under
Cp*M(III)/organo-hybrid catalysis and chiral paddle-wheel Ru(II)-Ru(III) catalysis will
be introduced. The Ru(Il)-Ru(Ill) complexes show unique and distinct catalytic activity
in comparison with well-known chiral paddle-wheel Rh(II)-Rh(I) complexes. Basic
properties of Ru(I)-Ru(Ill) complexes as well as application to asymmetric C-H

amination and others will be explained.

Selected Ongoing Projects in Matsunaga Group
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