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6,)?1. A third classdf interaction dependent on
thedihedral angle ¢ between four bonded at-
omsisthetorsional potential {K,[1 + cos(¢ —
8)1} used to account for orbital delocalization
and to compensatefor other deficienciesinthe
forcefield. A harmonic term [V2K (¢ — &% is
often introduced for dihedral angles5that are
relatively fixed, such as those in aromatic
rings. Coulomb's law [g,q,/(4meqe,r;;)] is the
simplest approach to the contribution of elec-
trostaticsto the potential V:
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+ 2 [Crali, Nir® — Coli, Irf
T EQin/(4W808rrij)-

A central issue is the number of different
atom typesthat are used in a particular force
field. There is aways a compromise between
increasing the number to alow for the inclu-
sion d more environmental effects (i.e., local
electronicinteractions) vs. theincreasein the
number of parametersto bedetermined to ad-
equately represent a new atom type. In gen-
eral, the more subtypes of atoms (how many
different kinds of nitrogen, for example), the
lesslikely that the parametersfor a particular
application will be availablein the forcefied.
The extreme, of course, would be a specia
atom type for each kind of atomic environ-
ment in whichthe parameterswerechosen, so
that thecal culated propertiesof each molecule
would simply reproduce the experimental ob-
servations. One mgor assumption, therefore,
Is that the force constants (parameters) and
equilibrium values of the equations are func-
tions of a limited number of atom types and
can be transferred from one molecular envi-
ronment to another. This assumption holds
reasonably well where one may be primarily
interested in geometric issues, but is not so
valid in molecular spectroscopy. This had led
to the introduction of additional equations,
the so-called " cross-terms” which allow addi-
tional parameters to account for correlations
between bond lengths and bond angles [K,,(b

Molecular Modeling in Drug Design

— bo)(@ — 6,)], dihedral angles and bond an-
gles, and so forth. Because of the lack of ade-
quate parameterization of the more complex
forcefieldsthat are usually specialized to one
kind of molecule (e.g., proteins or nucleic ac-
ids), more smplified force fields have gained
some popularity because of their general ap-
plicability, despite limited accuracy.

ExamplesaretheTriposforcefidd (22), the
COSMIC force fidd (23), and that of White
and Bovill (24), which uses only two atom
types, those at the end of the bond to parame-
terize the torsional potential rather than the
four typesaof the atoms used to definethe tor-
siona angle. One has only to consider the
number of combinations of 20 atom subtypes
taken four at time (160,000) versus two at a
time (400) to understand the explosion of pa-
rametersthat occurswithincreased atom sub-
types. Thesimplifyingassumption in parame-
terization of thetorsional potential reducesto
someextent thequality of theresults(25), but
alowstheuseof thesmplifiedforcefields(22)
in many situations where other force fields
would lack appropriate parameters. The situ-
ation can become complicated, however. For
example, the amide bond is normally repre-
sented by one set of parameters, whether the
configuration is cis or trans. Experiment$
data are quite compelling that the electronic
state is different between the two configura-
tions, and different parameter sets should be
used for accurate results (Fig. 3.1). Only AM-
BER/OPLS currently distinguishes between
these two conformational states (26). Cer-
tainly, thelimited parameterization of simpli-
fied forcefields would not allow accurate pre-
diction of spectrathat ismorereflectived the
dynamic behavior of the molecule.

Accurate estimates of energy may require
accurate representation of the dynamics of
moleculesand justify derivation of the larger
number of parameters. The new version (27)
of the Allinger forcefield, MM3, hasthe objec-
tive of reproducing spectral data more accu-
rately than MM2. Much of the chemistry re-
mains to be incorporated into appropriate
forcefields. Only recently have adequate mod-
ifications been made to the force fields devel-
oped for organic molecules to include some
metals (28-31). Carlsson (32, 33) recently de-





