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Our research activity is focused on the development of molecular transformation reactions, which can provide new 
ways to exploit chemical resources, such as haloalkanes, alkenes, alcohol etc. The present research subjects are (1) 3d-
transition metal catalyzed controlled Carbon–Carbon bond forming reactions which exploit universal metals such as 
iron, magnesium and aluminum (2) development of smart materials based on synergistic effect of various metals on 
peptide (3) understanding and design of synergistic effects of multi-element center interactions for the catalysis with the 
help of quantum chemical methods and spectroscopy.
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Enyne Cross-Coupling

Transition metal-catalyzed cross-coupling reactions are 
one of the most powerful tools in organic synthesis. Palla-
dium and nickel catalysts have been the dominant choice 
for such a purpose, and are widely used in academia as well 
as in industry. Whereas iron, a practically ideal transition 
metal, has been actively investigated as a catalyst in the 
field of cross-coupling reactions, enyne cross-coupling has 
remained a challenge because of considerable stability and 
poor reactivity of alkynyl iron intermediate. We have devel-
oped efficient enyne cross-coupling of alkenyl halides and 
triflates with alkynyl magnesium reagents using lithium 
bromide as a crucial additive, which would accelerate 
reductive elimination from alkynyl iron intermediate.

Cross-Coupling of Alkyl Halides with 
Alkenylzinc Reagents

Cross-coupling reaction of carbon electrophiles with al-
kenylmetal reagents is a useful method for olefin synthesis. 
During the past decade, the scope of the alkenyl coupling 
has been extended by developing efficient cross-coupling 
of alkyl halides with alkenylmetal reagents by using copper, 
palladium, cobalt and iron catalysts. There have been, how-

ever, considerable limitations to be solved (e.g. insufficient 
yields from secondary alkyl halides, nonavailability of alkyl 
chlorides). We have developed a powerful protocol for alkyl-
alkenyl coulping, which has been accomplished by combi-
nation of readily available alkenylzinc reagents, iron prec-
atalyst, and TMEDA as an additive. This reaction has 
several synthetically attractive features: (1) high-yielding, 
(2) chemoselective, (3) stereospecific, and shows broader 
substrate scope.

Programmable Metal Unit Arrangement  
on Peptides to Create Composition- and 
Configuration-Controlled Heterometallic 
Hybrid Materials

The focus of this project is to research the following chal-
lenges: i) Development of fundamental method to create 
composition- and configuration-controlled heterometallic hy-
brid molecules using metallated-amino acids and peptides as 
metal units. Programmable metal unit arrangement through 
chemical synthesis and self-assembly process is employed in 
complementary to control the composition, 1D/2D array, and 
3D configuration of metals on peptides. ii) Screening the 
function of heterometallic hybrid molecules. Application to 
supramolecular gelators, molecular electronic devices, photo-
chemical devices, advanced catalysts, artificial enzymes, and 
MRI contrast agents will be explored with a diverse library 
of metallated-amino acids and peptides.

Conference on Cutting-Edge Organic Chemistry in Asia 
under Asian Core Program (ICCEOA-3), Hangzhou, China, 
19–23 October 2008.
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Figure 2. Cross-coupling of alkyl halides with alkenylzinc reagents.

Figure 1. Enyne cross-coupling.


