21

Japan Academy Prize to:

Hiroshi OHRUI and Takeshi KITAHARA
Professor, Yokohama College Professor, Faculty of

of Pharmacy Pharmaceutical Science,
Professor Emeritus, Teikyo-Heisei University
Tohoku University Guest Professor,

Kitasato University
Professor Emeritus,
The University of Tokyo

for “Invention and Application of Molecules with Novel Biological Functions”

Outline of the work:

Studies on the synthesis of natural products and related substances with remarkable biological activities can play a
key role to develop not only basic research for investigating biological phenomena but also practical applications
through the synthesis of novel bioactive molecules.

From this standpoint, Drs. Hiroshi Ohrui and Takeshi Kitahara synthesized novel compounds with biological
functions by rational synthetic design and utilized them for frontier researches in biological sciences.

Achievements are summarized as follows:

1. Development of supersensitive methods of analysis and their applications

It was impossible to differentiate asymmetric centers separated farther than four or more atoms until recently. Dr.
Hiroshi Ohrui developed extremely effective method to analyze remote asymmetric centers by inventing novel
carbohydrate reagents with high performance based on his discovery of the gauche effect between oxygen atoms in
carbohydrates. These reagents made possible to separate even eight stereoisomers of tocopherol clearly at the
concentration of femtomole level using HPLC for the first time in the world. Establishment of this revolutionarily
effective method of analysis by new concept should contribute to solve a lot of difficult problems in the field of biological
sciences as well as in analytical chemistry.

He also invented the fluorescent reagent, diphenyl-1-pyrenylphosphine, which enabled to establish efficient

quantitative analysis of active oxygen and/or superoxide in the living body with high sensitivity.

2. Invention of a useful molecule for organic synthesis and of insecticides for practical applications

Dr. Takeshi Kitahara invented an extremely useful diene, 1-methoxy-3-trimethylsiloxy-1,3-butadiene with
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extraordinarily high reactivity in the Diels-Alder reaction for the synthesis of alicyclic compounds. Many biologically
active natural products have successfully been synthesized employing the diene including vernolepin, vernomenin and
damascones. The diene, so-called the Danishefsky-Kitahara Diene, was proved to be an extremely versatile regent to
give multifunctional cyclic compounds, especially carbohydrates and other heterocycles with important biological
functions, and therefore has been utilized worldwide over the years.

He also discovered for the first time an acid moiety of pyrethroids with effective insecticidal activity, 1,1,2,2-
tetramethylcyclopropanecarboxylic acid (tetramethyl acid), and succeeded in invention of a domestic insecticide,
Terarethrin (Knockthrin®) through an extensive study on structure-activity relationship (SAR study). This discovery
deeply influenced to the world of pesticide science and culminated in the development of synthetic pyrethroids as
agrochemcals. In fact, using tetramethyl acid itself, one of the most effective and safe agricultural insecticides,

Fenpropathrin (Danitol®), has been manufactured in several hundred tons a year and used worldwide.

3. Synthesis of useful bioactive molecules and their applications

They synthesized a number of bioactive substances to develop remarkable biological functions and their
applications.

Dr. Kitahara succeeded in simple and efficient synthesis of mugineic acid congeners, active phytosiderophores,
and discovered important results on iron-absorption in plants by collaboration with plant physiologists. Worldwide
supply of those samples of phytosiderophores has enabled to study extensively the physiology of iron-absorption.

He also synthesized various inhibitors against cell-cycle propagation and by collaborations with biochemists,
remarkable biological functions of those inhibitors have been disclosed. For example, he found a synthetic analog,
spliceostatin, with much higher activity than that of an anticancer inhibitor, FR901464, from detailed SAR study.
Through identification of target proteins followed by precise functional analysis, spliceostain was shown to be the first
example of the anticancer agent which suppresses to form normal proteins by inhibition of the splicing from pre-mRNA
to mRNA.

Dr. Ohrui initiated “chiral pool strategy” by employing carbohydrates as substrates to give chiral materials,
succeeded in the synthesis of a number of bioactive substances including aminoglycosides and nucleosides, and

invented low toxic Anti-HIV nucleosides by rational design.

In summary, they synthesized numerous novel molecules with remarkable biological functions, which contributed
to develop wide areas of analytical chemistry, organic chemistry, plant physiology and life sciences by worldwide
collaborations.

Through these achievements, Dr. Ohrui has received the Award of the Japan Society of Analytical Chemistry,
Japan Prize of Agricultural Science and the Yomiuri Agricultural Prize. Dr. Kitahara has received the Award of the

Society of Synthetic Organic Chemistry, Japan, Japan Prize of Agricultural Science and the Yomiuri Agricultural Prize.
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