PHYSICAL ORGANIC CHEMISTRY

Annual Research Highlights

(1) "Creation of New Conjugated Compounds for
Thin Film Organic Lasers"

Thin film organic lasers are flexible, inexpensive
devices for various wuses in spectroscopy, optical
communications, sensing, etc. We designed and
synthesized a series of new conjugated molecules,
carbon-bridged oligo(p-phenylenevinylene)s (COPV,), as
highly efficient, stable, wavelength-tunable and
solution-processable organic laser materials. A series of
six COPV,, (n = 1-6) compounds, doped into polystyrene
films underwent amplified spontaneous emission from
385 to 585 nm with low threshold and high net gain
coefficients, and high photostability. The fabricated lasers
show narrow linewidth single mode emission at very low
thresholds, long operational lifetimes, and wavelength
tunability across the visible spectrum (408—591 nm).
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Fig. 1 Chemical structure of COPVn molecules and Sketch of
the DFB device (A, grating period; d, grating depth; A, active
film thickness) and excitation/collection geometry.

1. (1)-2) Nat. Commun., 6, 8458 (2015).

(2) “Iron-Catalyzed C-H Activation at Low Catalyst
Loading”

Activation of a C-H bond using transition metal
catalysis enables streamlined synthesis of target
molecules, but typically proceeds with high catalyst
loading because of poor efficiency of the catalyst. We
discovered that an inexpensive and non-toxic iron salt and
a diphosphine ligand catalyze the reaction of a
(hetero)aromatic, olefinic, or aliphatic carboxamides or
anilides with trimethylaluminum, at catalyst loading as
low as 0.01 mol%. The key to the success of this reaction
is the creation of a high-valent iron catalyst by the design
of the bidentate directing group (NHQ or NHPA),
diphosphine ligand (dppen), and mild aluminum reagent.
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Fig. 2 Iron-catalyzed methylation of carboxamides with
trimethylaluminum at low catalyst loading.

1.(1)-3) J. Am. Chem. Soc., 137, 7660-7663 (2015).

(3) "Dynamic Imaging of Single Organic Molecule by
Electron Microscopy"

Atomic resolution transmission electron microscopic
observations at different electron acceleration voltages
enabled us to observe visually the energy relaxation
process of one conformer into another via rotation of
various parts of the molecule. Cross-correlation analysis
of sequential transmission electron microscopy (TEM)
images or of the difference between experimental and
simulated TEM images has been utilized for investigation
of the conformational mobility and for structure
identification of conformers.
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Fig. 3 Dynamic conformational change of a biotinylated
molecule on carbon nanohorn. The TEM image is shown on the
left, a molecular model of a plausible conformation is shown on
the right, and its TEM simulation is shown in the middle.
Schematic image of the conformational changes showing the
biphenyl/OEO group in blue.

1.(1)-8) J. Am. Chem. Soc., 137, 3474-3477 (2015)
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