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Synthesis of Long-axially Symmetric Pyrene derivatives and Their Practical Application
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Organic fluorescent materials have attracted considerable attention for their potential application
as organic electronic devices and fluorescent probes for bio-imaging. In particular, pyrene, a
well-known mt-conjugation system that exhibits blue emission and excimer-based fluorescence,
has played an important role as a building block to construct abovementioned materials.
However, most of pyrene derivatives prepared so far were simply designed to be point symmetric
or short axially symmetric structure, resulting in the lack of the efficient synthetic method
toward “long-axially symmetric” pyrene derivatives and the knowledge of their photophysical
properties.

Here, we first synthesized three di-cationic pyrene derivatives possessing 4-vinyl-N-
methylpyridinium moieties at 1 and 3, 6, or 8-positions. Each compounds were named as
13PY (longaxially symmetric), 16PY (point symmetric), and 18PY (short axially symmetric).
Fluorescence spectra of the compounds revealed that all of them show intense red emission
around 620 nm with high fluorescence quantum yield (> 70%). Interestingly, 13PY exhibited
relatively large Stokes shift, which indicates that long axially symmetric structure tends to
induce strong intramolecular charge transfer characteristics. In addition, all of compounds
showed large two-photon absorption (> 500 GM) around 900 nm.

Next, the pyrene derivatives were used for mitochondrial imaging, using two-photon excited
fluorescence microscopy. All of dyes successfully visualized mitochondria with small laser
power (<5 mW), due to their high two-photon excited brightness. Interestingly, 13PY and 18PY
exhibited unique regio-isomer specific property, that is, reversible intracellular localization
between mitochondria and cell nucleus in response to mitochondrial membrane potential. Such
a property should be very valuable for the detection of cell apoptosis. In terms of brightness,
13PY would be more useful than 18PY.

Finally, we succeeded to discover the efficient synthetic route toward electron donor and
acceptor substituted long axially symmetric pyrene derivatives. Detailed photophysical

properties of them and relating application are currently under investigation.
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