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Professor Yuzo Nishida

Professor Nishidais aProfessor in the Coordination Chemistry Laboratoriesat IMSin the areaof Synthetic Coordination Chemistry.
Heis studying the redox chemistry of inorganic metal complexes and, in particular, has focused his attention on the mechanism of
dioxygen activation by copper, heme iron, and non-heme iron metalloenzymes. These enzymes are able to directly functionalize
saturated hydrocarbons, converting alkanes to alchohols, as well as unsaturated hydrocarbons, converting alkenes to epoxides. In
some instances, these metall oenzymes are able to carry out a much more extensive range of oxygen insertion reactions with varied
substrates. The detailed mechanism of how the dioxygen is activated for insertion into unactivated substrates has long been the
focus of research effortsin numerous laboratories around the world. The metalloenzymes that carry out these reactions generally
form a dioxygen adduct with the reduced form of the metal. With dinuclear non-heme iron systems such as methane mono-
oxygenase, addition of dioxygen to the di-ferrous form of the enzyme would effectively generate a ferric-peroxide adduct. With
heme iron systems such as cytochrome P450, theinitial dioxygen adduct of the ferrous state is further reduced to again effectively
generate a ferric-peroxide adduct. Similar considerations can be applied to copper hydroxylases such as dopamine beta-
monooxygenase. Dr. Nishida has focused attention on the electrophilic nature of the metal peroxide intermediate and has proposed
the provocative ideathat the interaction of this intermediate with bound substrate is necessary to proceed to generate the high valent
metal-oxo adduct that has generally been assumed to be the critical intermediate in oxygen atom transfer reactions. This idea
challenges the more generally held view that the substrate does not play arole in cleavage of the metal-bound peroxide. Inarecent
review articlein Trendsin Inorganic Chemistry (5, pp. 89-103 (1998)), Dr. Nishida has summarized all of the evidence that supports
his new viewpoint. Asaways, to understand the mechanism of any reaction, one must assemble the facts and see whether they
support the particular mechanism. Dr. Nishida's stimulating ideas will now need to be tested by othersto seeif they provide amore

consistent interpretation of the facts than the more commonly accepted proposals for the mechanism of dioxygen activation.

Professor Koji Tanaka

Professor Koji Tanaka s the Director of the Coordination Chemistry Laboratories at IMSin the area of Functional Coordination
Chemistry. Hisresearch isfocused on the organometallic chemistry of carbon dioxide. In particular, hislaboratory isinvestigating
the activation of carbon dioxide by metal complex catalysts. A related research effort involves the study of energy conversion from
proton gradients to electricity by metal complexes. Dr. Tanakais aleading researcher in these areas and has published extensively
inthe top journals. Heis afrequent participant at international meetings on these topics. The development of catalysts for the
conversion of carbon dioxide to reduced one carbon derivatives such as formic acid, formaldehyde, methanol and methaneis an
extremely challenging goa. A related and equally demanding aim is to couple two molecules of carbon dioxide to form oxalic acid
and other two-carbon derivatives. Dr. Tanaka has been able to accomplish substantial portions of these objectives and he has clearly
developed and improved our understanding of the principles that control the chemistry of carbon dioxide. This should enable his
laboratory to generate even better catalysts for these reactions in the future. One of the particularly challenging aspects of this
research is the design of metal complexes that not only bind carbon dioxide, but which also suppress the evolution of the carbon

monoxide to enable multi-electron reduction of carbon dioxide to proceed to the more highly reduced one carbon products listed
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above. In the process of studying the metal complex catalyzed reduction of carbon dioxide to reduced one-carbon products, Dr.
Tanaka has discovered some extremely interesting examples where the metal-bound carbon dioxide can be coupled to form oxalic
acid. The development of catalysts for the use of carbon dioxide as a convenient one-carbon precursor to multi-carbon containing

products represents a significant advance in organometallic chemistry.

Professor Yoshihito Watanabe

Professor Watanabe is a Professor in the Department of Applied Molecular Science at IMS. His research is focused on the
development of a better understanding of the mechanism of dioxygen activation by heme enzymes such as cytochrome P450.
Related studies involve the activation of hydrogen peroxide by peroxidase enzymes. While the majority of his research over the
years has involved studies of heme iron systems, he has recently turned his attention to the study of non-heme iron dioxygen
activation catalysts. Heis aleading researcher in these research areas and has published extensively in the top journals. He has
frequently been invited to speak at major international conferences in the area of bioinorganic chemistry including the Ninth
International Conference on Bio-Inorganic Chemistry (July 1999, Minneapolis, MN USA) and at the upcoming Eleventh International
Conference on Cytochrome P450 (August 1999, Sendai, Japan). One of the remarkable features of heme enzymes is that they
catalyze awidely diverse set of reactions including oxidation and oxygenation reactions as well as the dismutation of hydrogen
peroxide despite the presence of acommon heme iron prosthetic group at the center of each enzyme. It has been demonstrated that
the heme environment plays a critical rolein controlling the chemical reactions that each heme enzyme catalyzes. This has opened
up the opportunity to change the heme environment using site-directed mutagenesis in order to change the chemistry carried out by
one heme enzyme into that accomplished by another. Dr. Watanabe's research group has been at the forefront of this effort and they
have succeeded in converting myoglobin, a heme protein that normally only binds dioxygen reversibly without carrying out any
chemistry with the bound dioxygen, into a peroxidase enzyme that oxidizes substrates. Thisis but one example of the long list of
important accomplishments from the Watanabe lab over the past several years that have led to significant improvementsin our

understanding of the mechanism of dioxygen and peroxide activation by heme enzymes and related systems.
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