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1. meso—meso Linked diporphyrins fabricated with multiple unsaturated carboxylic acid groups were efficiently
synthesized by the use of transition metal catalysis. Iridium catalyzed direct borylation of meso—-meso linked
diporphyrins furnished multi-borylated diporphyrins with high regioselectivity. Then, the introduction of «,f- or
a,B,y,6-unsaturated ester functions to the diporphyrins was achieved through rhodium catalyzed Heck-type addition
of the borylated diporphyrins to acrylate or 2,4-pentadienoate esters. Saponification of the esters to the
corresponding acids was accomplished in high yields. These post-modification of diporphyrin smoothly provided a
water-soluble multi-porphyrin array in 84% total yield for 3 steps. This functionalization significantly affected the
electronic properties of the porphyrins, resulting in different energy levels of each porphyrin unit. The absorption
and fluorescence spectra indicated efficient energy transfer in the porphyrin dimers, suggesting great potential
application as an antenna molecule for dye-sensitized solar cells.

2. Iridium-catalyzed direct borylation has been applied to meso-substituted dipyrromethane and BODIPY dyes.
The borylation is highly regioselective and complementary: the borylation occurs exclusively at the a-position for
meso-mesityldipyrromethane and at the S-positions for meso-mesityl BODIPY dye. This regioselective borylation
enables to synthesize a variety of - and f-substituted BODIPY dyes. The introduction of «,f-enoate and
a,fB,y,6-dienoate functions to BODIPY dyes at a- or g-positions has been achieved through rhodium-catalyzed
Heck-type addition of the borylated compounds to acrylate and 2,4-pentadienoate esters. This functionalization has a
significant effect on the electronic properties of BODIPY dyes as seen for substantial red-shift of the absorption and
emission spectra. Comparative study has elucidated that the two series of - and S-substituted BODIPY dyes show
substantially different photophysical properties, thus highlighting the importance of the position to be functionalized.




