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Weizmann Institute of Science

We are perhaps not far removed from the time when
we shall be able to submit the bulk of chemical
Dphenomena io calculation. (1-L. Gay-Lussac, 1808)
Insofar as the laws of quantien mechanics are correct,
chemical questions are problems in applied
mathematics (Eyring, Walter & Kimball, 1943)

It turns out to be very difficuit to predict precisely what
will happen in a chemical reaction: nevertheless, the
deepest part of theoretical chemisiry must end up in
quantum mechanics. (R. P. Feynman, 1965)

The theoretical foundations of quantum chemistry, i.e.
the application of quantum mechanics to chemistry,
are as old as quantum mechanics itself. As early as the
1930s, All the necessary laws were known, but [ ]
give rise to equations too difficult to solve (P.A.M.
Dirac)

Asolufion inclosed form (i.e. with pencil and paper)
of the molecular Schr dinger equation is only possible
for some trivial systems; in addition, the cost of an
exact numerical solution for a system with n electrons
mounts factorially with the size of the system. As a
result, approximate numerical solution is the only
practical option for essentially all systems of chenical
relevance; obviously, the optimal compromise between
accuracy and computational cost is desired.

The development of computational quantum chemistry
into an essential weapon in the chemist s arsenal has
been the product of simultaneous progress on three
fronts: (a) improvements in the quantum chemical
methodology itself; (b) more sophisticated and efficient
numerical {mathematics) methods; (¢) the explosive
increase in available computational power. (According
to Moore s law — named after Intel founder Gordon
Moore — the computational power that can be obtained
for a given amount of money roughly doubles every
18 months.)

In quantum chemical methodology, two streams
dominate nowadays: conventional (wave function-
based) ab initio (from first principles) theory , and
density functional theory (DFT). 1998 Nobel Laureates
in Chemistry Prof. John A, Pople and Walter Kohn are,
respectively, the best-known proponent of ab initio

theory and the founding father of DFT.

(1) Wave function-based ab initio

This most commonly starts from the zero-order
approximation that electrons move statistically
independently of each other. At first sight, the wave
function then becomes & product of one-electron wave
functions; in fact, because electrons do not carry
numbers on their backs , the wave function for non-
degencrafe states becomes an anti-symmetrized
product (a Slater determinant ). The n-particle
Schr dinger equation itself reduces to a set of coupled
one-particle equations (the Hartree-Fock equations),
which can be solved with computational effort
proportional to n’, While at present, fully numerical
solution is possible for atoms, diatomics, and even
triatomics, in practice the one-electron solutions are
almost always expanded in a suitable basis set,
composed of functions that generally resemble atomic
orbitals in some way. (For pragmatic computational
reasons, Gaussian-type basis functions are used almost
universally.)

If1may indulge in a little analogy, HF theory resembles
modeling the traffic in downtown Tel-Aviv under the
assumption that cars (electrons) attracted by places of
employment, shopping, or entertainment (the nuclei}
will avoid getting stuck in traffic jams as best as they
can, but will not notice or evade other individual ears.
(Unfortunately this model is too accurate).

The error being made by neglecting the existence of
instantaneous repulsive interaction (evasive
maneuvers, car homs, and signaling lights}) is known
as correlation energy. It is small in relative terms but
of the same order of magnitude as most chemically
relevant reaction energies; in addition, its importance
is sharply dependent on the electron density {again
paralleling the traffic example), and hence it changes
drastically when atoms are brought together to form a
molecule. (As an example, half the binding energy of
the N, molecule results from electron correlation.)
Most molecular properties can only be reproduced
accurately when electron correlation is included at least




approximately, and a number of approximate methods
for solving the correlation problem have been
introduced over the decades (configuration interaction,
many-body perturbation theory, ) By far the most

successful method has been coupled cluster theory,

which (at the risk of oversimplification) is based on
considering the correlated wave function as an
ensemble of statistically independently moving
electron pairs (CCSD, i.e. coupled cluster with all
single and double substitutions), or electron triples
(CCSDT, i.e. coupled cluster with all single, double,
and triple substitutions), Because the atomic/

molecular correlation energy is dominated by pair
correlation (itself a consequence of the two-particle
character of the Hamiltonian), the coupled cluster
expansion converges very rapidly, and the CCSD(T)
method (with a computational cost scaling as n*N*,
where N is the size of the basis set), has become
established as the gold standard of quantum

chemistry (T.H.Dunning).

(2) Density functional Theory (DFT)

InDFT, a completely different path is taken. It bypasses
the search for the exact wave function altogether, and
focuses instead on the electron density. The famous
theorem of Hohenberg and Kohn means, in plain
English, that whoever knows the exact electron density
also knows the exact energy (and properties) of the
system. Since the electron density is only a function
of three spatial coordinates {and not of 3n like the wave
function), at least in principle this allows the exact
solution of a system in an effort that scales no worse
than Hartree-Fock theory, i.e. n®, (Recent efforts in the
development of linear scaling methods have sought
to reduce this dependency even further.)

One pays a hefty price for this, however, namely the
fact that the Kohn-Sham equations (to which the above
approximation gives rise) involve the introduction of
aso-called exchange-correlation (XC) functional , the
exact form of which is not known. Different DFT
methods largely represent different educated guesses
at the form of this functional, based on more or less

o)

solid physical grounds. Almost all modern functionals
involve some parameters derived from experiment (or
sometimes from accurate ab initio calculations); for
better or worse, DFT could essentially be classified as
semi-empirical MO theory done right .
The oldest XC functionals assumed that the electron
density behaves like that of a uniform electron gas,
This works well in the solid state (where DFT was first
applied) but leads to disappointing resuits for molecules
{not too surprisingly), Only when non-tocal corrections
came onto the stage in the late 1980s did DFT start
becoming a chemicaily useful tool. But only with the
introduction of hybtid DFT methods which involve
some Hartree-Fock exchange (the exchange energy is
a consequence of the electronic interchangeability),
such as B3LYP (Becke 3-parameter-Lee- Yang-Parr)
did DFT become the vastly popular quantum chemical
tool it now is. (One main reason why hybrid functionals
of this type are so much more successful is that the
exchange energy — aresulf of the interchangeability of
the electrons — is 1 to 2 orders of magnitude lgger
than the correlation energy.)

{3) Our own research

The two main factors that determine the quality of a
quanfum mechanical calculation are the
(in)completeness of the finite (one-particle) basis set
and of the electron correlation treatment. Since the
¢lectron correlation treatment is to a large extent a
solved problem, basis set development and
convergence has taken a central place in our research.
The author was awarded the ICS Y2K Outstanding
Young Scientist award for his contributions to [ ]
the theory and application of high-accuracy gquantum
chemistry . Now why is high-acecuracy quantum
chemistry important?

First of all, there are practical applications (e.g.
atmospheric chemistry, kinetics, high-resolution
rotation-vibration spectroscopy) which require this
level of accuracy (0.5 keal/mol or better on reaction
energies, 0.001 or better on geometries, cm
accuracy on vibrational band origins) in their own right.




Secondly, it affords a uniquely detailed view of the
nature of the chemical bond: as the architect Mies van
der Rohe used to say, G-d is in the details . For
instance, in our own work we found that 2 number of
effects that are usually neglected (and usually drown
in basis set incompleteness error) become significant
at this level of accuracy even for first-and second-row
molecules, such as spin-orbit coupling, scalar
relativistic effects (primarily Darwin and mass-
velocity), inner-shell correlation, and vibrational
anharmonicity (in the zero-point and thermal
corrections).

Thirdly, it offers a valuable (and in principle
inexhaustible) source of reference data for
parametrizing more affordable (semi-)empirical
methods, such as DFT, and for calibrating/validating
results obtained with more approximate methods for
specific applications (e.g. by comparison with
benchmark calculations for related small model
compounds).

Some of our contributions can be summarized as
follows:

- Firstly, we discovered that basis set convergence for
compounds with strongly polar bounds can be
substantially, and sometimes dramatically, accelerated
by addition of dif fuse functions (very low-exponent
basis functions normally added for calculations on
anions). This affects all sorts of properties, not just
energies.

- Secondly, we discovered a phenomenon peculiar to
second-row compounds (particularly if bound to highly
electronegative elements like O and F) where basis set
convergence even at the SCF level becomes very
dependent in the presence of d type basis functions
with high exponents (which we termed inner
polarization functions ). Their absence may cause
errors of up to 40 keal/mol (1) in computed binding
energies, as well as significant etrors in other computed
properties.

- Thirdly, we proposed a simple but very efficient
extrapolation to the infinite-basis limit, based on the

one hand empirical observations of convergence
behavior of the SCF energy to numerical Hartree-Fock
limit, and on the other hand on the known limiting
behavior of correlation energy in helium-like atoms as
a function of maximum angular momentum L in the
basis set. Since basis set convergence of the correlation
energy is excruciatingly slow, this is at present the only
practical method for reaching the infinite basis set limit.
- Fourthly, we discovered that scalar relativistic effects
can become surprisingly important even in first- and
second-row compounds if several bonds to group VI
and VII elements are involved. For instance, 1% of
the binding energy of SO, is a consequence of
relativistic effects (split about 60:40 between scalar
relativistic effects and atomic spin-orbit coupling).

- Finally, all of the above culminated in the
development of W1 and W2 theory, two black-box
computational schemes that permit the calculation of
molecular binding energies of (at present) first-and
second-row molecules with on average kI/mol
accuracy (and at most keal/mol errors). Contrary to
semi-empirical model chemistries like G2 and G3
theory (Pople group), or CBS-Q (Petersson group),
these methods are purely ab initio in that they contain
no adjustable parameters that are derived from
experiment. Presently, application to molecules the size
of benzene is possible on a regular workstation, to
larger systems on (mini)supercomputers.

In terms of applications for this type of methodology,
I will single out two examples:

(a) The revision of some basic thermochemical
quantities. For instance, any ab initio or semi-empirical
computation of the heat of formation of any boron or
silicon compound will require the heat of vaporization
of boron and silicon, respectively, Due to a variety of
experimental problems, these quantities are not well
established experimentally, but heats of formation of
BF, and 5iF, were (as is the dissociation energy of F,).
By combining these latter experimental data in a
thermochemical cycle with W2 computed atomization
energies of BF, and SiF4, we were able to come up
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with much more reliable values for the quantities
sought.

(b) The generation of anharmonic force fields of small
polyatomic molecules. Observed rotational and
vibrational band origins of molecules (particularly
those containing hydrogen) contain significant effects
of anharmonicity (i.e. nonzero third, fousth, and higher
derivatives of the energy with respect to the nuclear
coordinates), Obtaining anharmonic force fields from
experimental rotation-vibration data is an inverse
eigenvalue problem that is already very hard for tetra-
atomic molecules, and becomes well-nigh impossible
for larger ones (since extravagant quantities of
experimental data are required). Computational
chemistry offers a remedy here: we were able to
demonstrate that CCSD(T) quadratic force fields (i.e.
up to fourth order in internal coordinates) with suitable
basis sets are perfectly capable of reproducing at least
the anharmonic effects; in cases where highly excited
states are desired, transformation of the force field to
Morse or generalized Morse coordinates greatly
extends its reliability. (From a computational point of
view, anharmonic force field calculations have the
advantage of being embarrassingly parallel .) Inmany
cases, a spectroscopically accurate force field can be
obtained by simply adjusting the geometry and
diagonal quadratic force constants of the computed
force field to reproduce the experimental ground-state
geometry and vibrational fundamentals, respectively—
leaving all other parameters (including the entire
anharmonic portion of the force field) unchanged from
the ab initio calculation. A variety of molecular
spectroscopists and vibrational dynamicists around the
world are presently using our force fields.

In some cases (e.g. BCN and BNC} our caleulations
of this type have led to the discovery of new molecules-—
in this particular case (which is however far from
unique) assignment of the experimental matrix
isolation data faced the double difficulty of strong
vibrational anharmonic { Fermi ) resonance and of a
congested spectrum (with bands belonging to C, almost
overlapping with the unknown species).

g

Presently, our group is primarily involved in
computational exploration of reaction mechanisms,
with special reference to organo-metallic homogenous
catalysis. Most of this work is carried out using DFT
methods, but we also applied W1 & W2-type methods
for calibration of the more approximate methods on
model compounds (particularly for transition states, a
known weakness of almost all present-day DFT
methods).

In my short career as a scientist, I have witnessed the
transformation of practical quantum chemistry from
an abstruse methodology promoted by a small but
dedicated group of evangelists to an increasingly

common tool of ¢chemical research. Butf, I am
convinced, the best is yet to come .

1t does not fall upon thee to finish the work, but neither
artthou free to abstain from it. (Sayings of the Fathers
2:16)

Jan M.L. {Gershom)
Martin
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Guest University - Columbia, New York
Ronald Breslow

The Chelate Effect in Binding, Catalysis,

and Chemotherapy.

Louis E. Brus

Electromagnetic Field Enhancement,

and the Raman Spectra of Single Molecules.
Samnuel J. Danishefsky

The Awesome Power of Chemical Synthesis.
Bruce J. Berne

Feynman Path Integrals as a Tool for Sampling and
Annealing Systems with Rough Energy Landscapes.
Richard Bersohn

Hydrogen Atoms in Chemical Reactions.
Kenneth B. Eisenthal

Probing the Liquid Interfaces of Microscopic
Particles from Semiconductor Colloids to
Liposomes.

Ann E. McDermott

Solid State NMR Studies of Enzyme Mechanism:
The Role of Protein Motions.

Gerard Parkin

Synthetic Analogues of Zine Enzymes.

Plenary lecturers from israel

¥ Winner of the ICS Prize - TBA

¥ Ada Yonath, Weizmann Institute

Statics and Dynamics in Decoding the Genetic
Information at the Molecular Level.

Keynote lecturers from ofher Universities
Miguel Yacaman, University of Mexico

Advances in the understanding of ancient
mesoamerican cultures using modern analytical
techniques.

David Waddington, York University

New Chemistry Curricula in the UK.:

Ideas and Results.

Zafra Lerman, Columbia College, Chicago
Visualizing Concepts in Chemistry.
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international Symposium on Atmospheric
Deposition and Impact on Ecosystems, with
Reference to Mid-East Region

Tel Aviv June 4 5, 2000

An Overview by

R. Van Gricken, University of Antwerp, Belgium
and Y. Shevach, TAHAT., Tsrael

lntroduction

The atmosphere provides the transport pathway for
substantial inputs, atmospheric supply of nitrogen,
heavy metals, PCBs, chlorinated pesticides like
Lindane, and other persistent organic compounds
{POPs) which may play amajorrole in the ecosystems
dynamics, particularly in oligotrophic oceanic areas
such as SE Mediterranean, terrestrial ecosystems and
inland freshwater bodies, Biomass burning, fossil fuel
combustion and incinerators, urban and industrial air
pollution - all were observed to have possible
detrimental impact, due to bio-available N and P,
affecting new productivity and the presence of trace
metals Cd and Pb and Hg and other pollutants. The
interface between the atmosphere and the sea plays a
central role in the exchange of matter at the boundaries
of a marine system, Trace clements, such as lead,
cadmium and mercury enter the sea to a considerable
extent via the atmospheric pathway, Over 50% of
nitrogen inputs to the North Sea may be supplied by
the atmosphere with most of this being derived from
anthropogenic sources. Aerosols as carriers of
ammonium and nitrate serve as active surfaces for
various chemical conversions.

The two important aspects of deposition is that it cleans
the air while it pollutes the earth s surfaces. Its effect
can be harmful as for example in the case of ozone
which is toxic to plants, Hundreds of lakes and streams
could no longer sustain life, while the threat to forests
and watersheds in many parts of the world is fast
growing, In estuarine areas extra nuivients can cause

eutrophication, large growth of algac populations, and
subsequent oxygen deficiency in the bottom waters
when the dead algae material decomposes. In Israel,
the fresh water Sea of Galilee, providing 35% of the
Israeli water supply, is now showing a very unstable
quality and it is Likely that the dustfall which can
amount to 60% of the total solid input into the lake,
may exert a profound influence on the properties and
behavior of the lake in general and on the water quality
in particular. In the Dead Sea area, ozone depletion
was reported to coincide with an interaction of
atmospheric oxidants with bromide at the Dead Sea
salt pans.

Recognizing the adverse effects of acid rain and other
air pollutants, the growing threat of atmospheric
deposition and the increasing needs to expand our
knowledge were behind the convening of an
International Symposium on Atmospheric Deposition
and Impact on Ecosystems held in Tel Aviv June 4

5, 2000. The symposium, sponsored by the
International Union of Pure and Applied Chemistry,
the Division of Environmental Chemistry and the Istael
Chemical Society, brought together about 70
internationally recognized experts from USA, Evrope,
the Mediterrancan Region and Israel.

Symposium Objectives

- Atmospheric processes related to the Middle East
Region as a transition zone in which back trajectories
can trace the sources of poliution and the influence of
Europe and the Sahara on the local processes.
~Effects of the large efforts which have been made to
reduce, or control, the emissions to air of sulphur and
nitrogen oxides, volatile organic compounds, and more
recently, of metals and persistent organic compounds,
~The cycling of pollutants between atmospheric and
the ecosystems compartments and new developments
in experimental techniques for flux measurements.
-Review of atmospheric deposition studies covering
the work of EMEP, EUROTRAC, ASE, BIATEX and




interaction with regional and local studies in the
Middle East.

Topics of Discussion and Main Sessions

-Backward Trajectories of Air masses over the
Mediterranean

- Effects of Atmospheric Pollutants on the SE
Mediterranean Region

- Saharan Dust
- Impact on Ecosystems
- Research Cooperation

Conclusions

Atmospheric processes are being perturbed by human
emissions of greenhouse gases. Both natural and
anthropogenic pollutants influence many aspects of life
and ecosystems. Atmospheric particles and aerosols,
at low altitude pose a direct health hazard, while at
higher altitudes they affect radiative transfer, cloud
formation and precipitation.

Within these adverse conditions, the symposium and
the associated discussions focussed on the issue of
atmospheric deposition and impact on ecosystems,
highlighting ongoing research, problems that still
facing monitoring and the evzluation and the unknown
impact on the various ecosystems. The symposium
provided the scientific basis for effective emission,
mitigation and adaptation policies, emphasizing:

- the numerous sources of polluting emissions,

- the transformation processes in the atmosphere,
pollutants are often chemically modified

- the relationship between source and effect which is
not always easy to establish.

- the deficiency of point measurements which are not
sufficient to characterize air quality in a particular
region, missing the information about transport or
atmospheric chemistry.

~ the need for integration of atmospheric pollutants

and deposition which are intricately related and need
to be studied together.

25

The symposium aiso emphasized the need
for:

~improving the knowledge on cause-effect relationship

between air pollution and factors affecting conditions
and health of ecosystems

~improve prediction and detection
-better ways of monitoring the environment

- international standards for measuring and reporting
emissions and

~the necessary regional and international co-operation
These issues are of a global dimension and regional
and international coordination is highly essential,
Therefore, the role of conventions and agencies, e.g.
the Helsinki Commission (HELCOM) for the Baltic
Sea, the Oslo and Paris Commission (OSPAR) for the
Notth Sez and North-East Aflantic, the Barcelona
Convention the Mediterranean and the UNDP
Regional Seas program should be strengthen, as well
as the institutions involved in measurement of air and
precipitation quality and data bases formation, such as
the Norwegian Institute for Air Research (NILU).




paid to its importance in our lives, and little preparation
has been made for a time when it may not be so easily
accessible.”
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"Traditicnally, the study of man has been based on the
study ofhis tools and artefacts, ideas and religion. Such
an approach, though useful, is often inadequate, for it
can fail to take into account items of mangs survival
which consequently play a major role in his history.
Such an item is salt. The establishment of eatly
settlements, the rise and fall of populations, wars, large
demographic shifts and the development of agriculture
have in the past been intimately related to the absence
or presence of salt. Power to control & population§s
salt supply was power over life and death. Much of
our present civilization and habits are based on the
ready availability of salt. Yet little attention has been
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Rudolph M. Bloch was berm in Aussig,
Czechoslovakia, in 1902. After receiving his Ph.D.
from the University of Bernt in 1926, he became Head
of the Department of Metallography and X-ray
Spectroscopy, at the Technische Hochschule in
Karlsruhe, Germany. His activities included work on
crystal nucleation and on refrigeration technology, and
experiments on the prevention of the super-cooling of
water. His work in Germany was interrupted by the
Nazi regime, and he left for Holland and England.

In 1936, he moved to Eretz—1Isracl (Palestine), where
he helped M. Novomeysky , the founder of the Dead
Sea Works, in the design and operation of the Potash
factory, and later the Bromine plant,

As director of research of the company, he collaborated
with the Physical Chemistry Department of the Hebrew
University, in Jerusalem, headed by Prof. L. Farkas,
and with Prof, Marcus Reiner from the Technion in
Haifa, on various subjects related to the development
of the Dead Sea Works.

In the sixties, his lively imagination tumed to other
subjects, such as the influence of the atmosphere on
the Dead Sea rain water constitution, albedo on polar
ice sheets, sea level history of populations and
settlements, and to desalination problems.

He thought of ways of capturing solar energy in a
medium in which thermal convections are suppressed,
He suggested the use of water where the salt
concentration gradient is the convention suppressing
device, This idea indeed developed into the erection
of solar ponds for producing electricity at the Dead
Sea, patented by Bloch and Tabor {1959). He is,
therefore, the father of the solar pond concept.

Bloch s manifold interests and scientific learning are
expressed in his extensive article on Salt in Human
History published in Interdisciplinary Science
Reviews, volume 1, 336, (1976). In the abstract of the
article he writes:

Traditionally, the study of man has been based on the
study of his tools and artefacts, ideas and religion. Such
an approach, though useful, is often inadequate, for it
can fail to take into account items of man s survival

which consequently play a major role in his history.
Such an item is salt. The establishment of early
settlements, the rise and fall of populations, wars, large
demographic shifts and the development of agriculture
have in the past been intimately related to the absence
or presence of salt. Power to control a population s
salt supply was power over life and death. Much of
our present civilization and habits are based on the
ready availability of salt. Yet little attention has been
paid to its importance in our lives, and little preparation
has been made for a time when it may not be so easily
accessible,

In his last years Bloch s thoughts were particularly
engaged with the question of the origin of petroleum
in nature. His idea was that there should be a connection
between salinity streams, which transport organic
matter into the depth, and the generétion of petroleum
there. As a result of this concept a project was generated
to produce petroleum artificially in lagoons containing
halophylic and protein-rich algaes. The experiments,
in collaboration with Ben-Zion Ginsberg, were
successful. They yielded high quality oil of a
constitution similar to that found in geological strata.
For Rudi the encouraging results were not only a
synthetic renewable source of energy, but also a help
towards a better understanding of the problem of how
petrolenm is formed in nature.

Rudi Bloch s interests also extended into the
humanistic line of society, economics and particularly
history. His scientific concepts did not remained in the
sphere of abstract thought, but were often connected
with practical uses and technological developments.
He was the perfect example of a man who combined
basic and applied research,

Rudolph M. Bloch received the Weizmann Prize for
Science and the Israel Prize for Science in 1966. He
was a visiting Professor at the Hebrew University in
Jerusalem and the Max Planck Institute in Heidelberg,
received Honorary Degrees from the Weizmann
Institute of Science and Ben-Gurion University, He was
a member of the Israel Academy of Science and
Humanities and an Honorary member of the Israel
Chemical Society.




The Founder and Former Director of the Hebrew University Dept. of Medicinal Chemistry

Shalom Sarel was born (1918) and educated in
Jerusalem. He studied Chemistry and Microbiology af
the Hebrew University and obtained kis M.Sc. degree
in Biochemistry in 1942. His thesis on Synthesis of
New Aromatic Polycyclic Hydrocarbons as
Carcinogens gained him a Ph.D. from the Hebrew
University. He founded, and became the Head of
Department of Medicinal (Pharmaceutical) Chemistry
of the Hebrew University in the years 1956-1981,
and Professor of Pharmaceutical Chemistry in 1964.
He has published some 250 original articles (including
five edited books) on topics in chemistry, organo-
metallic chemistry and medicinal chemistry, His
research interests focused around: cyclopropane as a
two-electron component in [5+1], [5+2], [7+2], and
[7+6] cycloreactions, transformations of lithocholic
acid side chain into butenolide, and bufodienolide rings
[14-desoxy-Digitoxigenine and 14-desoxy-Bufotalin],
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physical-organic chemistry of branched cyclic
carbonates, the formation and properties of oi-lactams,
the use of ergano-metallics in the synthesis of medium
and large cyclic ketones, chemical transformations in
the pilocarpin alkaloids, lipophilic chelators based on
vitamin B, as potential drugs in thalassemia, and
mechanism-based anti-malarials.

He served as Head of Department of Medicinal
(Pharmaceutical) chemistry of the Hebrew University,
Research Director in Plantex (a chemical and

pharmaceutical company), President of the Israel
Chemical Society, Member of the Organic Chemistry
Division of IUPAC (International Union of Pure and
Applied Chemistry), Editor-in-Chief of the Israel
Journal of Chemistry, President of the Israel
Association for Medicinal Chemistry and Vice
President of the European Federation for Medicinal
Chemistry.

The Chemistry Department of Bar-lian Umvermty

General Profile - Year 2000

B.Sc. Students - 185
Graduate Students - 90
Post-Graduate - 27
Senior Faculty - 24

Bar-Tlan University was established in 1955 as the first
University in the center of the country, and the second
one, after the Hebrew University in Jerusalem, in the
whole country. The Chemistry Department was
originally led by Prof. Milon (Shmuel) Sprecher, who

immigrated from the USA. The Chemistry
Department aimed from the beginning at excellence
in teaching and research, and this was emphasized by
the new curriculum that included new courses and
modern approaches to chemical education,

The subjects currently under research in the
Department include subjects such as theoretical
chemistry, organic chemistry, organo-metallic,
physical and inorganic chemistry, materials, medicinal
chemistry, bictechnology and others.




The Chemistry and Biological Actions of Hashish

Cannabis is certainly the most widely used drug of
abuse. By contrast to research on morphine and
cocaine, which began in the 19 century, modem
research on Cannabis had to wait until technical
advances, mainly separation methods, made possible
the isolation, by our group, in 1964, of the active
constituent, A>-THC, and its subsequent synthesis. This
led to an avalanche of publications, Over the next two
decades we learned much on the pharmacology,
biochemistry and clinical effects of THC and some of
the other constituents, However, the mode of action of
the cannabinoid family of drugs remained obscure.

Following that, the important observation that
cannabinoids inhibit adenylate Cyclase, a specific, high
affinity binding site in the brein, was discovered in the
1980 s. Its distribution was consistent with the
pharmacological properties of psychotropic
cannabinoids. This receptor was shortly thercafter
cloned. It was designated CB,. A peripheral receptor
(CB,) was identified in the spleen. THC was found to
bind to both CB, and CB,. It was unlikely that the brain
should synthesize receptors for a plant constituent, We
assumed that the presence of a specific cannabinoid
indicates the existence of endogenous, specific
cannabinoid ligands that activate these receptors. We
initiated a search for such ligands. As all plant or
synthetic cannabinoids are lipid-soluble compounds,
the isolation procedures employed were based on the
assumption that the endogenous ligands are lipids - an
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Of computers and chemistry

In the past decade and a half, computational quantum
chemistry underwent a transformation from an abstruse
methodology advocated by a small but dedicated
number of evangelists to an increasingly common

tool of chemical research. The article attempts to
explain, in non-specialist language, the reasons for this

assumption that ultimately proved to be correct. First
we prepared a highly potent radioactively labeled
probe, 3[H]-HU-243 which was then bound to the CB,
receptor. Porcine brains and later canine gut were
extracted with organic solvents, and the extracts were
chromatographed numerous times according to
standard protocols for the separation of lipids. The
chromatographic fractions were tested by binding
assays using the above probe. Some fractions obtained
from brain displaced the labeled probe, which indicated
the presence of an active endocannabinoid. Two major
endocannabinoids were ultimately isolated by our
group - arachidonyl-ethanolamide (anandamide) and
2-arachidony-lglycerol (2-AG), in 1992 and 1995. The
structures of these compounds, present in miniscule
amounts, was determined by physical measurements.
Over the last 7 years nearly 1000 papers have been
published on the endocannabinoids. Much has been
learned on their biochemistry, pharmacology and
physiology. Their effects on motor coordination, pain,
appetite, memory, sleep, blood pressure regulation,
feeding, and even reproduction are being studied in
numerous laborateries including ours. The discovery
of the endocannabinoid system has made possible a
wider understanding of numerous biological processes
and may lead to new drugs aimed at regulation of blood
pressure, edema, pain, inflammation, sleep and appetite
regulation.

transformation, as well as the concepts behind the two
principal streams in the field, namely (wave function
based) ab initio quantum chemistry and density
functional theory.

The article finally reviews the author s contributions
to the field.




CHEMISTRY IN ISRAEL - Bulletin of the Israel Chemical Society

Volume No.5 November 2000

TABLE OF CONTENTS

From the Editorial Board 2
Letters to the Editor

The new Council of the Israel Chemical Society
Arnon Shani 3

Invited Scientific Contributions:

The chemistry and biological actions of Hashish,
Raphael Mechoulam , Faculty of Medicine,
The Hebrew University ( Israel prize 2000)

of computers and chemisiry..........uc.ce.. ol
Gershom Martin, Weizmann Institute
(ICS Young Chemist prize 2000).......ccoewurionseessasraon. 8

Prominent Figures in the Israel Chemical

Society:

Shalom Sarel, Hebrew University , Jerusalem........ 12

Chemistry in the Universities and in
Industry:

Chemisiry Department , Bar-Ilan University

Shlomo Margel............courvrmimrmmersnsierens 14

Coming Events:

The Michael Szware Memorial Lecture, 18.12.00
Weizmann Institute 21
The 2%* annual meeting of the Israel Polymers and
Plastics Society, 27.12.00, Karmiel A |
The 66* annual meeting of the ICS, 5-6.2.01,
Intercontinental Hotel, Tel-AViv....c.oocimvcirarinnicnn 22

The Cannabis Plant (Article page 4)

News and reports about meetings held in
Israel:

International Symposium on Ecosystems with
reference to Mid-East Region,

June 2000, Jerusalem.. .....cvreevvvvemmvarrrarssensessarssssnanee 24
From the Archives:

Rudi Bloch, Profile of a pioneer in the -
Chernical Industry in Bretz 5186 ...oocouevsrcrrsnne .26
Abstracts in English 28
Editorial Board

Moshe Levy, Chairman, Weizmann Institute,

Tel. 08-9342120, moshe levy@weizmann.ac.il
Moris Efsen, Technion,

Tel. 04-8292680, chmoris@techunix.technion ac.il
Yossi Dancona, Ministry of Industry,

Tel. 02-6220220, dancona@moit.gov.il

Miri Kesner, Weizmarnn Institute,

Tel. 08-9343795, nikesner@wis weizmann.ac.il
Arnon Shani, Ben-Gurion University,

Tel. 07-6461196, ashani@bpumailbpu.ac.il

thh
=










