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“Catalytic Functionalization of Nitrogen Compounds: From 
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Migratory Hydrofunctionalization of Alkynes 
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Manipulation of alkynes has been regarded as a substantial synthetic tool to prepare functional 
olefins, and such strategies based on the direct functional group installation onto the alkyne π-
bonds have been generally employed in chemical synthesis. Recently, migratory functionalization 
of alkynes, where migration of alkyne π-bonds is associated with the introduction of functional 
groups, has emerged for fabricating synthetically valuable olefins such as allylic compounds.[1] 
Despite the synthetic potential, previously reported strategies have mostly relied on noble-metal 
catalysis, and are limited to (i) one-carbon migration and (ii) the generation of allylic functionality. 
Inspired by the recent endeavors in first-row transition-metal catalysis, our continuous effort has 
centered on designing base-metal catalyst systems, particularly using cobalt as the model, for the 
new type of hydrocarbon functionalization. This presentation will show our recent outcomes 
toward the development of migratory alkyne hydrofunctionalizations enabled by rationally 
designed cobalt catalysis. By using a cobalt-hydride catalyst bearing a sterically demanding ligand, 
the selective transformation of internal alkynes such as 3-alkynes and 2-alkynes are successfully 
accomplished to afford functional alkenes such as branched terminal allylsilanes, α-vinylsilanes, 
and α-vinylgermanes.[2,3] Mechanistic details of the migratory transformation will also be 
discussed. 
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The α-alkylation of carbonyl compounds is a fundamental transformation in the formation of 
carbon-carbon (C–C) bonds in organic synthesis. Among the various carbonyl functionalization 
methods, enolate alkylation is one of the most general approaches for introducing carbon 
substituents at carbonyl α-positions. Although these fundamental organic transformations have 
been widely utilized in organic synthesis in academic and industrial settings, the reactions have 
displayed significant environmental and safety concerns from a sustainability viewpoint. Hence, 
developing more sustainable and efficient reactions would be highly desirable. This presentation 
will describe a strategy for an oxidant-induced direct α-C–H alkylation of ketones using simple 
olefins as the alkylating agent enabled by transition metal/Lewis acid cooperative catalysis.1 In 
the presence of an Ir/B catalyst, this transformation provides a α-alkylation product in a simple 
one-step operation. Mechanistic investigations of these reactions, including radical trapping, 
control experiments, deuterium labeling, and kinetic studies, will be discussed in detail. 
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Nitrogen-containing molecules are of great importance in the field of organic chemistry, 
inorganic synthesis, and material science owing to their unique chemical and physical properties.1 
In this talk, I will showcase how a well-defined molecular catalyst could give an efficient and 
selective access to various classes of nitrogen compounds. In the first part of the talk, 
mechanistically driven discovery of novel class of amide agents will be discussed. Extensive 
Investigation on rhodium-catalyzed C–H amidation with organic azide led us to introduce 1,4,2-
dioxazol-5-ones as highly efficient amide precursor.2 An integrated low-temperature NMR 
kinetics and computational study revealed a key role of high-valent metal-nitrenoid intermediate,3 
and further efforts to utilize its reactivity enabled to design a new array of iridium catalysts for γ-
lactam formation.4 Asymmetric5 and site-selective6 catalysis has been also achieved by utilizing 
non-covalent interactions. The second part of the talk will focus on the development of 
bifunctional photocatalysts for ammonia synthesis. Proton-coupled electron transfer using 
molecular hydrogen as a terminal reductant is an attractive strategy for synthesizing weak 
element-hydrogen bonds, but the intrinsic thermodynamics presents a challenge for reactivity. I 
will describe the direct photocatalytic synthesis of weak element-hydrogen bonds of unsaturated 
organic molecules7 as well as metal-nitrogen compounds.8 Activation of molecular hydrogen 
occurs in the ground state and the resulting iridium hydride harvests visible light to enable 
spontaneous formation of weak chemical bonds near thermodynamic potential without any by-
product. Transient absorption spectroscopic studies revealed a triplet-triplet energy transfer as the 
photophysical initiation process. Identification of catalyst deactivation pathway led to a design of 
the next-generation catalyst with improved photostability and better catalytic performance.9 
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Last three decades tremendous progress have been made in the important filed of Organic Light 
Emitting Diodes (OLEDs). Over such a long journey, the comprehensive performance of the 
phosphorescent materials have been greatly improved in terms of color purity, luminous 
efficiency and the operational lifetime. 

 
As an advancement to this, we uncovered the photophysical characteristics and 

electroluminescence of three green Ir(III) complexes with newly created cycloalkyl fused 
dibenzofuran ligands. The finding demonstrate that the cycloalkyl fused dibenzofuran ligand can 
modify the intermolecular interactions and alter the horizontal emitting dipole orientation ratios 
of the dopants in phosphorescent organic light-emitting diodes (PhOLEDs).  

 
Among the three dopants, Ir(TBF)2(mppy) exhibited a high photoluminescence quantum yield 

of 0.96 and a high horizontal emitting dipole orientation ratio of 0.80. Further, an optimized 
PhOLED using Ir(TBF)2(mppy) demonstrated a peak external quantum efficiency (EQE) of 27.1% 
and a very small efficiency roll-off with a high EQE of 25.1% at 10000 cd m−2. 
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Quantitative determination of specific analytes is essential for a variety of applications ranging 
from life sciences to environmental monitoring. Optical sensing allows for non-invasive 
measurements within biological milieus, parallel monitoring of multiple samples, and less 
invasive imaging. Among the optical sensing methods currently being explored, small molecule-
based fluorescence sensing has received particular attention as a technique with the potential to 
provide precise and quantitative analyses and real-time fluorescence monitoring. So far, our 
laboratory has developed a variety of sensing probes using activatable fluorescent molecules for 
sensing, imaging, and biomedical applications. Today, I will talk about development of activatable 
fluorescent molecules capable of sensing several bioactive components such as hydrogen sulfide 
(H2S), human NAD(P)H:quinone oxidoreductase 1 (hNQO1), nitroreductase (NTR), reduced 
nicotinamide adenine dinucleotide (NADH), and exploring dual sensing of nitric oxide (NO) and 
cellular viscosity, recently reported in our laboratory. The basic design concepts involving small 
fluorescent molecules composed of a fluorescent reporter and recognition moiety that undergo a 
fluorogenic reaction in response to analytes will be described. In addition, some biological results 
demonstrating the validation of fluorescent molecules’ operation will be presented in a variety of 
biological models such as live cancer cells, cancer cell spheroids and tissues. 
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   C–H bond functionalization provides chemists with efficient and step-economical strategies in 
organic syntheses. However, oxidative/reductive transformations still require suprastoichiometric 
amounts of terminal oxidants/reductants, which generate a large quantity of chemical wastes and 
thereby prevents sustainable chemistry.  
 

 
 

   In this talk, I present my recent research efforts toward the establishment of sustainable organic 
syntheses, spanning from transition metal-catalyzed oxidative C–H activation1 to 
metallaelectrooxidative annulation2 and electro-tunable divergent C–H functionalization.3 
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  Catalytic reactions that construct carbon-nitrogen (C−N) bonds are of sustained interest in the 
synthetic organic community since they can offer a streamlined route to useful nitrogen-containing 
motifs commonly encountered in natural products and clinical drugs. The prevailing strategy to meet 
such demands in industrial settings is currently shaped by transition metal-catalyzed methods, as 
exemplified by Buchwald-Hartwig couplings. Despite the significant strides in this area, increasing 
emphasis has been placed on developing a cost-effective and sustainable alternative that omits a 
transition metal and repositions the main group elements from the catalytic periphery to the center of 
bond making and breaking during catalysis. 

In this talk, a functionally and mechanistically distinct main group-catalyzed method for the 
chemoselective formation of primary amines will be presented. Key to success is accentuating the 
biphilic reactivity of small-ring phosphacycles that enables the use of nitroalkanes—many of which 
are stable and inexpensive—as amination reagents for C−N coupling chemistry.1 Specifically, a 
phosphetane-based catalyst operating within PIII/PV═O redox cycling is shown to capture HNO, 
generated in situ by Nef decomposition of readily available 2-nitropropane, to install the primary 
amino group at aryl Csp2 centers selectively.2 This method represents a sustainable way of preparing 
versatile nitrogen-containing products that not only shows complementarity in scope and selectivity 
to existing methods but bypasses commonly faced challenges (e.g. overamination and metal 
contamination) in transition metal catalysis. 
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Metal-phenolic complex, representatively from supramolecular self-assembly of Fe3+ and 
tannic acid (TA), have widely been studied for understanding bio-inspired adhesion and functional 
coatings of various materials, including battery separators and living cells. However, the 
mechanism of Fe3+-TA film formation had remained elusive, and it was generally accepted that 
molecules containing catechol (1,2-dihydroxybenzene) or pyrogallol (1,2,3-trihydoxybenzene) 
moieties could make a molecular adhesiveness. Recently, the iron gall ink (IGI)-based method 
provided an inkling that the film growth depended on the reaction rate of supramolecular 
complexation. For example, using Fe2+ instead of Fe3+ led slow but continuous Fe3+-TA film 
formation by providing Fe3+ ion through the steady air-oxidation of Fe2+ to Fe3+ in solution. A 
more tightly controlled kinetic study provided the first-level understanding of the film formation 
mechanism. In addition, an organic ligand, beyond the phenolics, that generates molecular 
adhesiveness has been proposed, allowing us to obtain the chemical intuition of the adhesive 
coating. In this session, a summary of our recent efforts to design adhesive molecules and to 
elucidate their working mechanisms will be given.  
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