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Aromatic compounds are potentially useful as functional 
electronic materials. However, the controlled synthesis and 
assembly of three-dimensional complex molecules are still 
very difficult, especially for the crystal engineering of organic 
molecules. This group aims to create novel topological and 
reticular organic structures by using synthetic organic chem-
istry and geometric insights.

To achieve our purpose, this group will start electron-
diffraction crystallography (MicroED) for the rapid structure 
determination of organic compounds. While X-ray crystallog-
raphy is a general and reliable method for structure determina-
tion, it requires ~0.1 mm single crystals and making such 
crystal sometimes needs tremendous times and efforts. Since 
electron beam have much higher diffraction intensity than 
X-ray, structural analysis can be performed even with ultra-
small crystals (1 µm or less). There are many fields such as 
covalent organic crystals with a three-dimensional structure 

and molecules with complex molecular topologies, where 
structural analysis has not been sufficiently developed.

Figure 1.  Design and synthesis of π-conjugated organic molecules 
(top); Development of novel molecular topology (bottom left); Con-
struction of three-dimensional network polymers (bottom right).
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1.  Synthesis of Cyclic ß-Thiophenes

Macrocyclic polyaromatic molecules are interesting mate-
rials that exhibit a wide variety of electronic and optical 
properties derived from their structures, but they are often 
synthetically challenging because of the ring strain associated 
with their macrocyclic structures. In this study, we have 
succeeded in synthesizing 3,4-pentathienylene (5T) and 3,4- 
hexa thienylene (6T), in which all five and six thiophenes are 
linked at the 3,4-positions (β-positions), using Ni-catalyzed 
borylation, Pd-catalyzed cross-coupling and Ni-mediated 
homocoupling reactions (Figure 2).1)

Figure 2.  Synthesis of penta(3,4-thienylene) (5T) and hexa(3,4-
thienylene) (6T).

X-ray crystallographic analysis confirmed the C2 and D2 
symmetries of 5T and 6T, respectively (Figure 3). Inter-
estingly, the 1H NMR spectra of the two molecules were very 
different: 5T had a single singlet, whereas three different 
signals were observed for 6T, and these remained unchanged 
at both low and high temperatures (Figure 3).

Figure 3.  1H NMR spectra of 4T–6T in CD2Cl2, and X-ray structures 
of 5T and 6T with thermal ellipsoids at 50% probability.

The isomerization barriers of 5T and 6T calculated by 
DFT method were 5.0 kcal/mol and 26.5 kcal/mol, respec-
tively, and the difference in isomerization rate was the reason 
for the difference in NMR spectra (Figure 4). The synthesized 
5T and 6T are useful as a platform for the synthesis of novel 
polycyclic π-conjugated compounds utilizing the macrocyclic 
nonplanar structures and the active α-positions.

Figure 4.  Energy diagrams for the enantiomerization of 5T and 6T.

2.  An Electron-Deficient CpE Iridium(III) 
Catalyst for Ether-Directed C–H Amidation

The synthesis, characterization, and catalytic performance 
of an iridium(III) catalyst with an electron-deficient cyclo-
pentadienyl ligand ([CpEIrI2]2) are reported.2) The [CpEIrI2]2 
catalyst was synthesized by the complexation of a precursor of 
the CpE ligand with [Ir(cod)OAc]2 followed by oxidation, 
desilylation, and removal of the COD ligand. The electron-
deficient [CpEIrI2]2 enabled C–H amidation reactions assisted 
by a weakly coordinating ether directing group. Experimental 
mechanistic studies and DFT calculations suggested that the 
high catalytic performance of [CpEIrI2]2 is due to its electron-
deficient nature, which accelerates both C–H activation and 
Ir(V)-nitrenoid formation.

Figure 5.   Optimized reaction conditions and control experiments for 
the Ir-catalyzed ether-directed C–H amidation reaction.
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