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described. These LT antagonists belong to
different structural classes: 1) Indazoles and
lndoles: /CI1986/5 and /C/2042/9. 2)
Quinolines: MK-571, Wy48252, RG12525,
and SR2640. 3) Miscellaneous structures:
ONO-I078. 4) LT analogs: SKF104353,
LY170680, and CGP45715A. CGP45715A
is the most potent and longest acting anta-
gonist ofthe LT analog type known to us. In
vitro, CGP45715A is a potent antagonist of
LTD4 induced smooth muscle contractions
(guinea pig ileum and lung parenchyma) and
shows similar affinity for the guinea pig
lung LTD4 receptor as the known industry
leaders (IC1204219, MK-571, and
SKFI04353). In vivo, CGP45715A is an
extremely potent and long acting antagonist
of LTD4 mediated bronchoconstriction in
guinea pigs, when given by aerosol, intra-
venous, or oral routes of administration.
Applied as an aerosol 1 h prior to LTD4
(aerosol) challenge the £D50 is 0.000045%
(concentration of aerosol solution) corre-
sponding to ~30 ng!kg (SKF 104353 £D50 >
0.01%; ICI204219 £D50 = 0.0013%).
CGP45715A is also a potent inhibitor of
antigen induced, LT-dependent broncho-
constriction in sensitized guinea pigs. In this
model, as well as in the LTD4 challenge
model, the duration of action of p.o. admi-
nistered CGP45715A is at least 24 h.

CGP45715A is the result of extensive
structure activity studies in the course of
which around 600 LT analogs have been
synthesized. CGP45715A is a structural
analog ofLTD4' The carboxylic group in the
eicosanoid chain of LTD4 is replaced by a
CF 3 group and the dipeptide sulfur side chain
by a chromonecarboxylic acid. The eicosa-
noid backbone could be stabilized by the
integration of two Ph rings: one in the polar
region and the other at the lipophilic end of
the molecule. The (lR,2S)-configuration of
CGP45715A does not correspond to the
(5S,6R)-configuration of the natural LTs.
The (IS,2R)-enantiomer displaying the ab-
solute configuration of LTD4 shows only

o

CGP 45715A
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weak LTD4 antagonist activity. Besides the
configuration, other structural parameters,
such as the length of the backbone, the
substitution pattern of the Ph nuclei, the
number of double bonds, and the nature of
the sulfur side chain, are critical for optimal
LTD4 antagonism.

The clinical evaluation of 'second ge-
neration' antagonists will clarify, whether
LT antagonists are to be of value in the
treatment of allergic asthma and other dise-
ases with possible LT involvement.

(Abstract by the authors)
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When Schrodinger and Newton
work together ...

'Man can believe the impossible, but
man can never believe the improbable'

(Oscar Wilde)

As the invited speaker H. Berendsen
recently stated in Geneva, the future of
molecular simulations lies undoubtedly in
mixing more and more Schrodinger with
Newton. In other words, realistic simulations
of many-particle systems are going to be
more and more performed by using
Newtonian mechanics with interaction
potentials parametrized in part by solving
the Schrodinger equation. For quantum
chemists proud of Dirac heritage ('the
underlying physical laws ... '), the pill could
seem in a first sight somewhat bitter: why

should they struggle hard to devise intricate
methodological and computational strategies
to solve H'P = E 'P, if the outcome of their
efforts is merely used as an ingredient of the
old-fashioned, classical Newtonian
mechanics? It is something like asking Fl
pilots to run races in order to help car
manufacturers to design 2 CV engines ...

The impatient reader should not be
confused here with our intention: we are in
no case suggesting that quantum mechanics
is of no practical use in modeling and
understanding the behavior of chemical
systems. On the contrary, quantum chemistry
is probably one of the most successful
theories among the whole range of molecular
sciences. Clearly, there are numerous

examples in the literature where quantum
chemistry, often through its simplest models,
has brought a decisive contribution to the
rationalization of important chemical
phenomena, such as the pericyclic reactions
(remember the Woodward-Hoffmann rules)
or the spectroscopic properties of transition-
metal complexes (remember the modern
ligand field theory). However, quantum
mechanical techniques are notoriously
inadequate for modeling macromolecules or
solvated systems, but the problem is here to
select a theoretical approach appropriate to
the case under study.

Undoubtedly, due to their scaling varying
from N' (semiempirical medel.s) to N6 (post .
Hartree-Fock models), where N is the
numberofbasis functions, quantum chemical
methods are the solution of choice for gas
phase systems comprising up to 102-103

electrons. Some extensions of quantum
chemistry techniques, taking account of
periodicity conditions, have been suggested
for solids such as crystals and polymers, and
this is an extremely interesting development
for solid-state chemists. It allows to calculate
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band structures and nonlinear optical
properties of these materials, as examples,
which may lead to novel applications in
semiconductors and electronic devices.
However, for bulk properties of solids such
as transport coefficients or heat capacity,
quantum mechanical models are no longer
adequate and have to be replaced by
simulations allowing to describe the
macroscopic behavior of these systems. The
situation is the same for liquids, macro-
molecules, and solutions, where numerical
simulations of the dynamics of these
collections of typically 102-105 atoms are
essential to calculate their thermodynamic
properties such as free energy and entropy or
the folding topology of proteins.

The method of molecular dynamics (MD)
is based on classical mechanics. It aims at
modeling the interactions between particles
in liquids and solids, and at solving the
classical Newton's equations of motion by
numerical integration in order to evaluate
the time evolution of the system. The first
step is, therefore, to define an interaction
potential V(tl' ... ,rN) between the N atoms
of our system; the derivation of this potential
function is a very delicate point, and we will
come back to it further on. Let us just mention
that, in the case of molecular crystals and
liquids, the form of V is complicated by the
fact that it should be able to describe both
intra- and intermolecular interactions. The
central idea of MD is then to solve the
Newton's 3N coupled differential equations:

d2.•.•
_f; =_l_F
dt2 mi i

where the force Fj acting on atom i,with
mass mj and position Pi' is defined by:

~ ~ ~ ~
Fi= -Vi V (fl>' .. ,fN)

Vi being the gradient operator cor-
responding to position Pi'

The integration of Newton's equations of
motion for all particles of the system is
performed numerically using small time steps
of the order of 10-15 s, which leads to an
estimation of their trajectories. Static
equilibrium properties can then be extracted
by averaging on the trajectories, provided
the simulation is performed over a number
of steps sufficient to lead to a representative
ensemble of the state of the system, i.e.
typically 104_105 steps. In many cases, an
estimation of the dynamic properties of the
system may also be obtained as the result of
such modelizations. We shall come back
more specifically on MD simulations in a
further Column, and we would like to
concentrate here on some basic aspects of
such applications which require the use of
quantum mechanics.

For a realistic simulation, the problem is
now to have an accurate and computationally
simple interaction potential VO'\, ... , rN)'

describing both long-range (van del' Waals
and Coulombic) and short-range (covalent)
effects. As described in our previous
Columns (July-August and November issues
of Chimia 1990,44,258, 377), Veri' ... ,rN)
is usually defined using empirical potential
energy parameters, which leads to a so-
called molecular force-field. One may find
numerous force-fields in the literature, almost
as many as there are computational chemists,
and we would like to take a simple example
of these fonnulations, which might write,
for a system of N atoms, as

where V" Vb' VI' V" and Vnb represent
bond-stretching, angle-bending, out-of-pla-
ne bending, torsional, and nonbonded
interaction potentials, respectively; these
expressions are usually written as

I ~ 2
Vs = "2 £... kb (1'-1'0)

bonds

I ~ 2
Vb="2 £. ko (19-190)

bond
angles

oUI~of-pl.me
bends

where, in these harmonic potentials, kb, 1'0' k,l,

1?0' k" and Xo are parameters characteristic of
the force field;

V<j>=~ Lk<j> (l+s cos n<j»

dihedral
angles

is a torsional potential, the form and the
values of k" s, and n parameters of which
being mostly dictated by the nature and
periodicity of the torsional motion;

is a classical non bonded potential composed
of the 12-6 van del' Waals and Coulombic
(electrostatic) interactions, respectively.

Now, as you can imagine, setting up a
consistent force-field, i.e. optimizing all the
parameters of the potential energy function
V to reproduce the structures of a coherent
set of molecules, is a formidable task,
complicated by the fact that the derivation of
the force-field is not unique. In other words,
there are several possible choices which lead
to equally good results for the structural
properties of a given molecule, and the
problem is to obtain general ized force-fields
with parameters transferable from system to
system. Among the different strategies which
have been suggested, the most successful
parametrization procedure consists,
according to Allinger, in 'optimizing the
parameters by inspection or trial and error,
i.e. minimizing the discrepancies with
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structural data, and by using least-squares
methods to supplement the error adjust-
ments'. Actually, this procedure is a
combination of two extreme strategies which
have been used historically to set up the first
force-fields:

i) an optimization of parameters 'by
hand', i.e. by adjusting them in such a way as
to minimize the errors with structural and
energy data, and ii) the use of computerized
least-squares methods optimizing the
parameters in a statistical way. In cases
where no experimental structural data exist,
or for the determination of parameters such
as the atomic charges qj of the Coulomh
potential, it is essential to perform ah initio
quantum chemical calculations as an
indispensable ingredient of the derivation of
the force-field. This explains the provocative
title ofthis Column: 'when Schrodinger and
Newton work together ... '

A first difficulty which arises when using
quantum chemistry to derive a force-field
lies in the fact that it would be useless to fit
separately the various components of V, for
example a parametrized V"b against an ah
initio one: the only point which makes sense
is to have a total interaction potential V
reproducing as closely as possible the main
features of the ah initio potential energy
surface, i.e. the position, energy depth,
gradient, and curvature of the minima and of
other points close to the minima as well, but
also the transition states and characteristics
far from the minima. This is essential for
MD simulations where the trajectories of the
atoms calculated by integration of the
equations of motion may well lead to
cOl)figurations typical of nonequilibrium
situations.

The second problem associated with the
use of ah initio techniques in force-field
determination is concerned with the fuzzy
definition of some quantities found in
components of V, such as the atomic charges
qi' This is an important point, as the
electrostatic interaction is a key factor to an
accurate description ofH-bonding and other
long-range properties. It is, therefore,
essential to derive a coherent set of atomic
charges to be used in a force-field para-
metrization, and two techniques have been
mainly used to evaluate these quantities from
ah initio or semiempirical wave functions:
the Mulliken population analysis, which
suffers from well-known drawbacks, and
the fitting of molecular electrostatic
potentials (MEP) by an approximate
monopolar expansion, such as that recently
proposed by Kollman. At first sight, one
might think that the second procedure is
superior, because it leads to a better
description of electrostatic interactions
between atoms and molecules. However, it
requires the calculation of the MEP, which
may be tedious for large molecules and
fragments, and leads in practice to atomic
charges 2-3 times larger, in absolute value,
than those obtained through a Mulliken
population analysis. This latter point
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indicates that it is not possible to interchange
different sets of atomic charges within
existing force-fields and that the approach of
the 'Force-field Consortium' (see this
Column, November issue of Chimia 1990,
44, 377), consisting in the de novo

MoMo, Version 6.]
Author: Max Dobler, Laboratorium fUr Organische
Chemie, ETH-Zentrum, CH-8092 Ziirich
Distributor: The program is distributed by the author,
Tel.: 01/256 4509, Bitnet: DOBLER@CZHETH5A
Fee: SFr. 20.-
MoMo runs on all Macintosh computers i.e. MacPlus,
Mac SE, SE/30, Macintosh II, IIcx, IIci, lIfx. It prints to
any dot or laser printer. For unknown reasons, the
program may cause problems on Macintoshes equipped
with a non-apple monitor.
Program size: 122 kByte.
RAM required: ca. 300-400 kByte.
Installation: no installation procedure; start MoMo
from Disk or copy to harddisk and start.

Chemists involved in various fields of
activity are now more and more frequently
using computers when studying molecular
structures. Therefore, some of the major
scientific software houses offer packages
for this purpose. MoMo, a program develo-
ped for in-house use by Prof. M. Dobler at
the ETH in ZUrich, shows us what an easily
learnable and usable chemist's tool can look
like.

development of a completely new set of
parameters, including atomic charges, is
probably the best strategy towards a
significant improvement of the performances
of the models. Thanks to Schrodinger, the
future of simulations based on Newtonian
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After choosing a coordinate file of the
adequate format, a model of the desired
structure is displayed on the screen. By us-
ing the translation or rotation buttons of the
MoMo window (see Fig.), the model is
transformed step by step according to three
orthogonal screen axes x, y, and z. After the
selection of four atoms, the torsion angle is
varied by pressing the 'torsion' button. The
increments for the rotations and translations
can be changed in four steps from I to 10°
and 0.02 to 0.5 A.

When you click two nonbonded atoms,
their distance wiIl be displayed along with a
dotted line between them. After pressing the
'geom' button on the left-hand side of the
screen, it changes to 'ok' and gives you
access to bond lengths, bond angles, and
torsion angles if two, three, and four con-
secutively bonded atoms, respectively, are
'clicked'.
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mechanics is indeed very promising, but it
will require patient and careful selections of
potential functions and parameter
optimizations before enlarging the range of
present applications to complex macro-
molecules and new materials.

The 400 atoms read into one MoMo
window may come from up to four molecu-
les. Each of these can be made active and
singly manipulated as described above.
Docking procedures can be performed with
up to 10 non bonded distances selected, the
changing distances being displayed simul-
taneously.

In addition, MoMo includes features to
modify imported structures: i) A new atom
is attached by selecting the atom to which it
is bound; two further atoms have to be cho-
sen in order to define the bond and dihedral
angles. ii) H-atoms can be added, and iii)
bonds, or molecular fragments are deleted
by a simple select-and-cut procedure.
Furthermore, it is possible to fuse molecu-
les, to superpose molecules, and to align a
molecule along a given vector.

There are four different graphic repre-
sentations available: i) a stick-type repre-
sentation, ii) stick-type with bold bonds for
atoms lying above the screen plane, iii) baIl-
and-stick, and iv) space-fiIling model. It is
not possible to manipulate the models in the
latter two drawing modes, i.e. they are static.
In all drawing modes, the atom labels are
highlighted as an option. A list of program
features is summarized in the Table. MoMo
does not include geometry-optimisation
procedures.

13:59 Uhr ~

Program Description

When you start the program MoMo, a
typical Macintosh window equipped with a
menu bar and some buttons on the left- and
right-hand side of the screen opens (Fig.).
Now, you can read up to 400 atoms into each
ofthe five available windows. Cartesian or
crystal coordinates are required to read in
the molecules or molecular assemblies.
Furthermore, it is possible to add up to 20
symmetry operations leading to a represen-
tation of crystal lattices.
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