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PROGRAMME

TOKYO April 11 (Tue)

Yurakucho Marion “Asahi Hall”
13:00 Open
13: 30 Start of the Lectures

Opening Remarks

Mr. Tsuguaki Kawamura
Executive Director

The Science and Technology
Foundation of Japan

13: 35 Introduction of the Laureate

Dr. Nobuo Egami

Former Director-General,
The National Institute for
Environmental Studies

13: 40 Lecture
Dr. F. Sherwood Rowland

14: 25 Break (15 min.)

14: 40 Introduction of the Laureate

Dr. Shoji Shibata
Professor Emeritus,
The University of Tokyo

_ 14: 45 Lecture

Dr. E. J. Corey
15: 30 Ciosing

KYOTO Apil 14 (Fri)

Kyoto International Conferencé Hall

13: 30 Open
14: 00 Start of the Lectures

Opening Remarks

Mr. Tsuguaki Kawamura
Executive Director

The Science and Technology
Foundation of Japan

14: 05 Address
Mr. Teiichi Aramaki
Governor of Kyoto Prefecture

14: 10 Introduction of the Laureate

Dr. Tomitaro Sueyoshi
Professor,
QOsaka University

14:15 Lecture
Dr. F. Sherwood Rowland
15: 00 Break (15 min.)

15:15 Introduction of the Laureate

Dr. Zen-ichi Yoshida
Professor, :
Kyoto University

15: 20 Lecture
Dr. E. J. Corey

16: 05 Closing
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Laureate of the 1989 Japan Prize
in the Environmental Science and

Technology Category

Citation for award : Studies on the mecha-
nisms of stratospheric ozone depletion by
chlorofluorocarbons

i

F. Yv—ovR-O0—5KELCK)
Dr. F. Sherwood Rowland (U. S. A.)
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Professor at University of California
Irvine. Bornin 1927.

In 1874, Dr. Rowland, who studied
physical chemistry, was the world’s first
scientist to point out the mechanisms by
which chlorofluorocarbons could destroy
the ozone layer, which protects life on
earth from harmful ultraviolet solar radia-
tion. '

He also predicted that if emission of.

chlorofluorocarbons continues at a cur-
rent rate, it would eventually resultina 7
-13% loss of the total ozone.

Dr. Rowland’s theoretical insights and
predictions have been verified by scien-
tists throughout the world, and have
done much to strengthen international
efforts. for the preservation of strato-
spheric ozone.
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THE CHANGING ATMOSPHERE

Dr. E. Sherwood Rowland

The observation in 1971 that the man-made
inert gas trichlorofluoromethane (CCL,F, com-
mercially known as CFC-11) was widespread
throughout the Earth’s atmosphere presented
an unusual challenge to atmospheric scientists:
Was it possible to determine from the known
laboratory properties what the ultimate fate
of CFC-11 would be in the atmosphere? In 1973,
I proposed such a study to the U.S. Atomic
Energy Commission, and later that year my
colleague Dr. Mario J. Molina and 1 began
seeking the answer to this question. Several
different CFC molecules have found technolog-
ical success as refrigerants, expanders of poly-
mer foams, propellants for aerosol sprays, and
in cleaning electronic components, and most of
these uses eventually involve release of the
CFC to the atmosphere. World-wide CFC pro-
duction doubled every 5 to 7 years for two
decades, and reached about one million tons
per year by 1974,

Atmospheric removal or destruction of
chemicals in the atmosphere usually occurs by
one of three processes. Colored gases such as
green chlorine gas (Cl;) absorb visible solar
radiation and are broken into fragments, and
similar destruction can also occur following
the absorption of invisible ultraviolet radia-
tion. Other gases such as hydrogen chloride
(HCI) can dissolve in water droplets, and are
removed from the atmosphere in rainwater.
Still other gases such as methane (CH,) can
react with oxidizing species such as hydroxyl
(HO). The CFCs, however, are transparent,
insoluble in water, and completely inert
toward the oxidants. Because none of the
major removal processes is effective toward
the CFCs, they can wander unchanged through
the atmosphere for many dacades. If nothing
destructive happens quickly, then what slower
process controls the atmospheric fate of the
CFCs?

The solar ultraviolet radiation which
reaches the top of the Earth's atmosphere can
be considered in terms of three energy bands :

UV-A, UV-B and UV.C, with UV-C the most
energetic. The CFC molecules are transparent
to UV-A and UV-B, but will absorb UV-C
radiation and be destroyed in the process.
However, the abundant oxygen (0O;) in the
atmosphere can also absorb UV-C radiation 30
to 50 kilometers (km) above the Earth’s sur-
face, splitting into two oxygen atoms. These O
atoms then combine with other O, molecules
to create the three atom molecule, ozone (O;).
Because ozone can absorb both UV-C or UV-
B, no solar UV-C penetrates below an altitude
of about 25 km, and only a small fraction of
L'V-B reaches the surface. The CFCs are thus
protected from UV-C radiation by this “ozone
shield”, and are not exposed to it until they
drift randomly above most of the atmospheric
O; and O, at altitudes of 30 km or higher.
Here, CFC molecules such as CCLF do absorb
UV-C radiation, and are cracked into the
highly reactive free chlorine atom (Cl) and a
reactive CCLF fragment. The average CFC
molecule survives for 75 to 150 years before its
eventual mid-stratospheric destruction by
solar UV-C radiation above the ozone shield.
Unlike the inert CFC molecules, the newiy
released Cl atom immediately attacks ozone
and takes one of its oxygen atoms to form
chlorine oxide (ClO) by reaction (1). The CiO
then quickly collides with a free oxygen
Cl + OQ; — CIO + O, 4))]
ClO + 0—-Cl + 0O, (2)
atom, again releasing Cl. The combination of
reaction (1) plus (2) has two important aspects
: (a) the met change is the conversion of ozone
back into ordinary oxygen ; and (b) the chio-
rine atom is free to begin the sequence again.
These continuing series of reactions are called
catalytic chain reactions and can repeat them-
selves thousands of times before being inter-
rupted by some alternative process. In the
stratosphere, the average Cl atom eventually
destroys about 100,000 molecules of ozone
before it strays downward and is caught in
rainfall. The emission to the atomsphere of




many millions of tons of CFC molecules,
multiplied by chain lengths of 100,000, is the
key for preducing ozone lossed significant on a
giobal scale. In 1974. Molina and I predicted
that continued release of CFCs to the atmo-
sphere would eventually lead to ozone deple-
tion of 7% to 13% averaged world-wide.
Global ozone depletion on a large scale has
two important consequences : (1) the absorp-

tion of all solar UV-C and part of the UV-B in

the upper atmosphere furnishes a major
energy input at high altitudes, actually creat-
ing the stratosphere (higher temperature with
higher altitude) ; and (2) the loss of strato-
spheric O, allows more solar UV-B radiation
to reach the Earth’s surface.

The stratospheric ozone “shield” protects all
biological species at the Earth’s surface, and
increased amounts of UV-B can cause damage
to many living systems. Solar UV-B-radiation
is the major cause of human skin cancer.
Ozone depletion will therefore result in an
increased incidence of skin cancer, an illness
which already produces 400,000 new cases
every year just in the United States and a much
larger number globally. Effects can also be
anticipated on plankton, agricultural crops,
and various other biological systems. Finally,
alteration of the stratospheric temperature
structure carries with it the possibility of
changes in wind patterns and eventually of
climate.

The atmospheric concentrations -of the
major CFCs have increased steadily over the
past 15 years, confirming the original estimate
that their atomospheric lifetimes are in the
75-150 year range. The atmospheric concentra-
tions of other trace gases are also rising rapid-
ly ; carbon dioxide (CO,) is up about 10% since
1958 ; methane, 129 since 1978 ; nitrous oxide
(N;Q) is increasing 0.2% per vear; and ozone
near the Earth' surface is steadily rising as
well. All of these gases retain infrared radia-
tion outgoing from the Earth, leading to a
warmer atmosphere (the “greenhouse effect®),

10

with the major contribution from the release
of CO, during the burning of coal, gas, oil and
tropical forests.

As the concentrations of these trace gases
continue to increase, the average temperature
of the Earth will rise, perhaps by as much as
3°C by the middle of the 2lst century. Such
temperature increases can be accompanied by
a variety of other geophysical consequences :
rising sea-level, more hurricanes of greater
intensity, shifting wet and dry regions, partial
melting of polar ice-caps, etc.

During the 1980s a new atmospheric phe-
nomenon has appeared : a major depletion of
ozone now happens over Antarctica every
spring, with ozone losses as great as 98% at
some altitudes, and 60% in total throughout
the atmosphere. The causes for this ozone
depletion invelve a mixture of chemistry and
meteorology. The stratosphere becomes very
cold during the darkness of the Antarctic
winter, allowing the formation of polar strato-
spheric clouds (PSCs). The PSCs perturb
stratospheric chlorine and nitrogen chemistry,
and catalytic reactions of ClO proceed without
interruption for a few weeks until the PSCs
disappear with the springtime warming of the
stratosphere. Experiments from ground sta-
tions and from aircraft flying over Antarctica
have definitely established that the primary
cause of this Antarctic “ozone hole” is the
large amount of chlorine now present in the
atmosphere, especially from the CFCs.

Ozone measurements have been made for as
long as 50 years from many ground stations,
most of them located between 30°N and 65°N
latitudes. Statistical analyses of these ozone
data have also shown an average ozone deple-
tion of several percent in the northern hemi-
sphere, with Iarger losses in the winter months
and smaller in the summer. Arctic expeditions
in 1989 have shown the presence of PSCs and
also very high stratospheric concentrations of
ClO radicals, findings quite similar to those for
the Antarctic,
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Concern about chlorine-initiated depletion of
stratospheric ozone led during the late 1970s to
prohibition of CFC use as propellant gases in
aerosols in the United States, Canada, Sweden
and Norway. Despite these aerosol bans, the
development of extensive new uses——espe-
cially the cleaning of electronic components
with CFC-113——has maintained CFC release

at about one million tons yearly since 1974.-

The very long lifetimes of the CFCs will keep
the atmospheric chlorine concentrations at
elevated levels for the next one or two cen-
turies, independent of any future regulatory
actions. Furthermore, atmospheric transport
of CFCs to the stratosphere requires a few
years and the maximum depletion of strato-

spheric ozone will be delayed for a decade or
more after substantial CFC release to the
atmosphere has been stopped.

Global control of CFC releases was first
agreed upon through the Montreal Protocol of
the United Nations Environment Programme
in September 1987. The initial! goal of this
Protocol was a cutback in 1998 to 50% of the
current atmospheric release of CFCs, but this
partial ban would still permit the total amount
of atmospheric chlorine to increase for many
decades. Many major CFC-producing com-
panies and countries have now agreed to elimi-
nate CFC production completely within the
next decade, and vigorous searches for alter-
natives are under way. Controls for other
gases will be more difficult, but may be neces-
sary if the concentrations of other trace gases
continue to increase steadily.

m
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Laureate of the 1989 Japan Prize
in the Medicinal Science Category

Citation for award : The pioneering con-
tributions to the syntheses of prostaglan-
dins and their related compounds which
are of great therapeutic value
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Professor at Harvard University, Born in
1928.

Dr. Corey’'s study covered almost all
fields of organic chemistry.

He became the first researcher to synthe-
size pure prostaglandins in natural, opti-
cally active form. This allowed the large
scale production of all natural prosta-
glandins so as to provide a stable supply
for other researchers, thus contributing
considerably to the development of bio-
chemistry and medicine.

His synthesis had three major advan-
tages over other methods in terms of 1)
efficiency, 2)versatility, 3)economy.
Dr. Corey's achievement in the
syntheses of eicosanoids is a monumen-
tal work in modern medicinal science. It
is broadly expected that this synthesis
will facilitate development of medicines
for such diseases as cerebral throm-
boisis, arteriosclerosis, gastric and intes-
tinal ulcers.
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CHEMICAL SYNTHESIS OF EICOSANOIDS AS PART
OF THE ADVANCE OF MEDICINAL SCIENCE

Dr.E. J. Corey

Modern science and medicine derive from an
optimistic philosophy which maintains that
through deep thought, research, diséovm, and
the wise application of new knowledge, human
life can be blessed by continuous good health
through the elimination or control of disease
almost to the end of the full lifespan. Many of
the talented scientists who work in my field,
the chemical synthesis of complex organic
molecules, are dedicated to the long-term reali-
zation of this ideal. Their efforts combined
with the research of specialists in such fields
as biochemistry, molecular and cell biology,
physiology, pharmacology, and clinical medi-
cine are the means by which an ever deeper
understanding of human health and disease
and an increasingly more effective therapy
will be achieved.

Organic chemistry and the development of
new therapeutic agents

Historically organic chemistry has been inti-
mately involved in the discovery and produc-
tion of therapeutic agents. Starting in mid-
century, the combined use of specific hioassays
and large-scale screening of extracts from
microorganisms and plants and also of syn-
thetic compounds led an unprecedented out-
pouring of new and useful medicines, including
antibiotics, antifungal agents, antitumor
agents, antihistamines, and drugs acting on the
cardiovascular and central nervous system.
The majority of these therapeutic agents and
most of the drugs which have been introduced
recently, ranging from antibiotics to sub-
stances for treatment of asthma, arthritis, and
heart disease, are synthetic. The trend toward
synthetic medicinals will accelerate as the
power of modern synthesis and the knowledge
of disease mechanisms and biochemistry con-
tinue to increase.

What are eicosanocids and prostaglandins?
Introduction
The eicosanoids (from the Greek word

eicosi, twenty) are a large family of twenty-
carbon, oxygenated molecules which are
biosynthesized by many different cell types in
the body from 20-carbon (Cy) polyunsaturated
fatty acid precursors, principally arachidonic
acid. They are produced in very small amounts
(a few milligrams per day), act close to the site
of biosynthesis, and suffer rapid inactivation
byenzyme-induced chemical reaction.
Eicosanoids serve as local signaling agents
which are crucial to short-range cell-cell com-
munication, environment-cell interaction, and
regulation of cell secretion or function. The
fatty acid for eicosanoid synthesis is liberated
by a strictly regulated enzymatic cleavage of
phospholipid molecules contained in cell mem-
branes and is transformed into eicosanoids
very soon thereafter. The eicosanoids are of
paramount interest in biological science and
now influence almost every aspect of clinical
medicine, :

The prostaglandins were the first of the
known eicosanoids. Although recognized as
bioactive materials more than fifty years ago,
it was not until the pioneering work of Sune
Bergrstrom and his group in Sweden during
the 1950's and 1960’s that the first pure sam-
ples of prostaglandins were isolated and their
structures were determined. From the early
biological studies of prostaglandins, it was
learned that they act upon smooth muscle (as
opposed to striated muscle) at very low con-
centration to produce either contraction or
relaxation, dependent the particular prostag-
landin tested.

By the year 1967 it had been established that
there are three families of prostaglandins
(PG,’s, PG.'s and PG;’s), differing in degree of
unsaturation {one, two or three carbon-carbon
double bonds) and originating from a different
C., fatty acid, and that there were at least five
important members of each family. In addition
the general outlines of the mode of biosyn-
thesis from straight-chain C,, fatty acids could
be discerned. '
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The chemical synthesis of prostaglandins

In late 1965 my group at Harvard started
work on the chemical synthesis of prostaglan-
dins. The major reasons for embarking on a
synthesis were : (1) the prospect that only
through synthesis could sufficient amounts of
PG’s be obtained to permit extensive biologi-
cal investigation, (2} the conviction that such
potent and novel mammalian substances might
be very important in human health or disease,
and (3) the thougt that an effective and flexible
chemical synthesis could also provide struc-
tural analogs of the natural PG’s which might
be useful in medicine or in the fundamental
study of the mechanisms by which PG’s act in
the body. In addition a totally new way of
thinking about the design of chemical synthe-
sis had just been developed by us which made
the analysis of the problem of PG synthesis
much easier and more interesting as a chemi-
cal exercise. This multistrategically guided,
retrosynthetic approach to synthesis
revolutionized the teaching of synthesis at
Harvard and even allowed the first computeri-
zation of chemical synthetic analysis (E.J.
Corey, Science, 1969 ; M. Ohno, Kagaku no
Ryoiki, 1972). By coincidence, a definitive text
on this approach to synthesis has just made its
appearance (E.J. Corey and X. M. Cheng, “The
Logic of Chemical Synthesis”, John Wiley,
Publisher, April 1989). The first chemical syn-
thesis of the major PG’s in pure form was
accomplished at Harvard in 1967. The initial
publication (May 1968) triggered a deluge of
requests for samples of PG’s and information
on their synthesis and chemistry, all of which
made clear the enormous world-wide interest

in these previously rare and esoteric com-.

pounds. _

Ready access to pure synthetic prostaglan-
dins in our laboratory set the stage for a
second generation synthesis which was devel-
oped at Harvard in 1968-9 and reported in
1969. This synthesis, via an intermediate now
commeonly known as “Corey lactone”, allowed
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for the first time the efficient production of all
of the PG’s and countless structural analogs on
any scale, and it made these previously rare
substances abundantly available.

More on the biological properties of prosta-
glandins

Subsequent to the availability of synthetic
prostanoids (PG's and structurally related
molecules) there was a spectacular efflores-
cence of biological research with PG’s, which
continues even at the present time. The field is
now so vast that it is only possible to summa-
rize a few of the salient developments.

The prostaglandins show at astonishing
range of biological effects on a wide array of
cells and tissues. Certain PG’s (e.g. PGE))
cause telaxation of smooth muscle while
others (PGF.,) cause contraction. Muscles of
the blood vessels, lungs, and uterus are very
sensitive to PG’s. Thus, PGF,, plays an impor-
tant role in the uterine contractions of labor
and PGE, strongly reduces blood pressure.
Prostaglandins are involved in inflammation, a
normal process of the immune response which
goes awry in inflammatory diseases such as
arthritis. Prostaglandin E, is an important
mediator of pain, fever, and arousal from
sleep. John Vane showed in 1971 that aspirin
and similar antiinflammatory drugs act by
blocking the enzyme PGH synthase which
converts unsaturated fatty acid precursors to
PG’s. These same drugs block the aggregation
of blood platelets and thereby the clotting of
blood, another important action of PG’s. Pros-
taglandins strongly affect the various cells
involved in the immune response and are thus
vital to the immune defense system. The
widespread action of PG’s in the body is fur-
ther indicated by their involvement in the
functioning of brain, kidney, lung, heart, stom-
ach, and intestines,
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" The discovery of the newer prostanoid

Bengt Samuelsson, a student of Bergstrm's,
isolated an unstable intermediate in the
biosynthesis of PG’s from arachidonic acid, the
endoperoxide PGH,, and shows that it was
coverted to a very potent but short-lived
platelet aggregator, thromboxane A,. Since
damaged blood vessels activate platelets to
produce thromboxane A,, this mediator clear-
ly can play a role in the clotting process which
initiates the repair of blood wvessels. An
enzyme present in healthy endothelial cells
which line the blood vessels converts the same
endoperoxide to a different prostaglandin,
PGI, (prostacycline, Vane, 1976), which is a
powerful inhibitor of platelet aggregation. It is
the function of PGI; to prevent the aggrega-
tion of blood platelets in normal undamaged
blood vessels. The synthesis of PGl from
PGF,, was achieved independently in our labo-
ratory and at the Upjohn Co. (1977).

The PG endoperoxide, PGH,, and thrombox-
ane A, are both very unstable in neutral aque-
ous solution at body temperature, a factor
which complicates the study of their biological
properties. Fortunately, stable, biologically
active structural analogs of these molecules
which are useful research tools have been
synthesized. The availability of these sub-
stances has greatly accelerated research on
PG receptors and signal transmission.

The outstanding investigations of synthetic
prostaglandins which have been carried out
worldwide in the pharmaceutical industry
have produced a number of important applica-
tions, although progress in this field has been
difficult due to the universal action of PG’s on
most body tissues and cells the difficult prob-
lem of drug delivery to specific cells of the
body. Synthetic PGF,, and various potent
analogs are used to induce labor at childbirth
or to induce abortion during the first or second
trimester. The combination of a progesterone
anatagonist with a synthetic PG analog is the
most effective known method for interrupting

development of a newly fertilized ovum. Pros-
taglandin E, is used along with surgery as a
life-saving treatment for “blue babies”, infants
born with congenital defects of the heart.
Various synthetic analogs of PGE; (for exam-
ple, enprostil) taken orally are highly effective
in the treatment of gastric ulcers and in
preventing ulcer formation in arthritic
patients who take antiinflammatory agents.
This application depends on the local action of
PGE; in the stomach to inhibit the secretion of
gastric hydrochloric acid simultaneously to
enhance the secretion of cytoprotective
mucous.

The leukotrienes, latecomers to the
eicosanoid class

As was the case with the prostaglandins, the
biologically active substances now described
as members of the leukotriene group were
detected (1938) as bioactive factors long before
their chemical nature was known, The identifi-
cation of these substances, termed slow react-
ing substances (SRS), as arachidonate derived
eicosanoids was the result of contributions
from Bengt Samuelsson’s group at the Karolin-
ska Institure in Sweden (Science, 1983) and our
own group at Harvard (Experientia, 1982). A
C, epoxy acid, now called leukotriene-A, or
LTA,, couples with the tripeptide glutathione
to form leukotriene-C, (LTC,), the primary
SRS. Enzymatic peptide cleavage of LTC,
converts it successively to two other SRS's,
LTD, and LTE,. Enzymatic hydrolysis of
LTA, produces LTB,. All of these leu-
kotrienes were made by our group by total
synthesis, which not only was important to
rigorous and complete determination of struc-
ture, but which also made these very unstable
and rare substances available in ample

"amounts for scientific study across a broad

range of biology and medicine.
Leukotrienes play a significant role in the
normal immune response, in the process of
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tissue repair, in inflammation, and in allergic
and hypersensitivity reactions. The peptidic
leukotrienes, LTC,, LTD, and LTE,, are
potent spasmogens and show a contractile
effect on smooth muscle of the airways, ut-
crus, heart, gut, and blood vessels. A patho-
physiologic role of the peptidic leukotrienes in
asthma and bronchial hyperirritability has
been demonstrated experimentally. LTB, also
has important biological effects. It is a potent
inflammatory agent. Even at concentrations of
10~°*M it causes chemotactic migration of leu-
kocytes as well as neutrophil activation with
concommittant generation “of proteolytic
enzymes and superoxide anion (Oz*), and adhe-
sion of leukocytes to endothelial cells.

The medical implications of these various
effects of the leukotrienes are far reaching and
_ consequently it is not surprising that many
research laboratories are pursuing research
based upon this new knowledge. New chemical
compounds which can serve to inhibit leu-
kotriene biosynthesis and also to block the
action of leukotrienes at their receptors have
been discovered in our laboratories and those
of others. Useful new therapeutic agents can
be expected to emerge from such studies.
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