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Medicinal Chemistry:·
A Teacher's and Worker's
Perspective

Bernard Testa*

Abstract. This personal commentary aims at offering a description of the origin,
purpose, and methods of medicinal chemistry, and a delineation of its fields of activity
in connection with related sciences. Directions of future development of medicinal
chemistry as a science are suggested.

Table I. The Evolulion from Pharmaceulical
Chemistry 10 Medicinal Chemisrry. Main fields
of activity are in italics.
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1. Introduction

Defining medicinal chemistry is both
easy (yet tautological) and difficult (yet
obvious). A hasty approach is to define
medicinal chemistry as the (study of the)
chemistry of medicines, but this statement
is a circularity and as such affords no
information. And when one is bold enough
to venture a definition, one quickly realiz-
es that the number of divergent opinions is
equal to the number of interlocutors. Yet,
an of us self-proclaimed medicinal chem-
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ists never fail to acknowledge the exist-
ence of a multidisciplinary, dynamic, and
fuzzy science to which our professional
life is devoted, and which we call medic-
inal chemistry [1].

Rather than offering a disputable defi-
nition, the author draws from two decades
of experience as a teacher of and research-
er in medici nal chemistry, and proposes in
the present commentary a personal per-
spective that may broaden the perception
of some readers.

2. Where from? A Historic View

A number of terms such as pharmaceu-
tical chemistry, medicinal chemistry, and
pharmacochemistry are commonly used

and sometimes confused. Schematically,
it can be said that medicinal chemistry
evolved from pharmaceutical chemistry,
as summarized in Table 1. Most influen-
cial in this evolution is the significance
gained by two fields, namely a) drug de-
sign and structure-activity relationships,
and b) the biochemical reactivity of drugs.

Drug design in its broadest sense and
structure-activity relationships are cen-
tral and essential to medicinal chemistry,
and it is the creation and development of
this field of research that has made medic-
inal chemistry the modem and enormous-
ly productive science it has become in the
last two or three decades, Wh ile the earlier
pharmaceutical chemists prepared drugs,
medicinal chemists essentially design and/
or prepare drugs.
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Table 2. What for and how? The purpose, aims, and methods of medicinal chemistry (adapted from
Spilker [2]).
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holds and take it as a duty to confront and
inform the public. Even among praction-
ers, opinions may differ.

Based on definitions and illustrations
given by Spilker [2] in another context, an
application to medicinal chemistry of his
'five concepts' is presented in Tahle 2.
Schematic as it may be, this conceptuali-
zation into mission, objectives, goals, strat-
egies, and tactics ,has the advantage of
separating the short term from the long
term, the fluid from the stable, the partic-
ular from the generaL
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S. Where to?

The Figure not only describes a cur-
rent situation, it also suggests some likely
developments of medicinal chemistry. In-
deed, existing connections with neigh-
bouring sciences can be expected to inten-
sify and expand, while new connections
are being or will be created. In the coming
years, the growth of medicinal chemistry
can safely be predicted to be sustained by

4. Where? The Relation of Medicinal
Chemistry with Connected Sciences

One important way of delineating a
given science is to identify areas of over-
lap with connected sciences. Medicinal
chemistry obviously belongs in its totality
to the chemical sciences, from whence it
draws its tools, e.g., synthetic, analytical,
physical, structural, quantum, and mathe-
matical chemistry (Fig.). There is some
overlap with biochemistry, a distinct chem-
ical science, as exemplified by the stud y of
drug-enzyme interactions or the charac-
terization of the structure of receptors and
other relevant macromolecules.

In addition to these 'intra-chemical'
connections, medicinal chemistry is also
strongly related to pharmacology, and
particularly molecular pharmacology.
This applies to pharmacodynamics (de-
fined as the study of pharmacodynamic
events, which are the effects of drugs on
biological systems) as well as to pharma-
cokinetics (defined as the study of phar-
macokinetic events, which are the effects
of biological systems on drugs) [3]. There
is certainly no need to belabour the point
that pharmacochemistry and pharmacody-
namics share common interests and goals,
e.g. studying processes of drug-receptor
recognition and molecular mechanisms of
action of drugs. In contrast, not all medic-
inal chemists are ready to acknowledge
the connections between pharmacochem-
istry and drug metabolism, in particular
the bioreactivity of drugs as outlined in
Sect. 2.

in this country of a 'Societe de chimie
therapeutique' .

What purpose, lay-persons may ask,
does medicinal chemistry serve? This ques-
tion, naive as it may sound, is repeatedly
directed at those pharmacochemists who
venture out of the comforting security of
academic ivory towers or industrial strong-

3. What for and how? Purpose, Aims,
and Methods of Medicinal Chemistry
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The hiochemical reactivity of drugs
(i.e., biotransformation reactions, bio-
chemical mechanisms of activation, deac-
tivation, toxication, and detoxication) is a
field that, while not specific to medicinal
chemistry, has become important to it and
is actively investigated by a number of
medicinal chemists (see also Sect. 4).

Note thatpharmacochemistry is taken
by many to be synonymous with medici-
nal chemistry. The correct French transla-
tion is 'chimie therapeutique', a term
coined in France in 1966 with the creation
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Figure. The relation of medicinal chemistly with connected disciplines

discoveries in the chemical sciences (e.g.
synthetic chemistry), but the majorcontri-
butions to progress should come from
molecular biology and mathematics.

Molecular biology is having a major
impact on molecular pharmacology and
enzymology, and this in tum has begun to
deeply affect the thinking and work of
medicinal chemists. Forexample, the clon-
ing of new receptor subtypes and of mu-
tant receptors and enzymes obtained by
site-directed mutagenesis has brought us
closer to understanding the structure and
functioning of these macromolecules. The
impact on molecular-graphics studies and
on lead generation and optimization is
overwhelming.

It is not in the least fortuitous that the
development of medicinal chemistry

should parallel advances in mathematical
and computational sciences and their ap-
plications. These theoretical advances,
coupled to the fast technological evolu-
tion of computing machines, will continue
to offer to pharmacochemists tools of ever
increasing sophistication and efficiency.

In the longer run, however, the molec-
ular level of conceptualization may reveal
its limits. At this point, continued progress
in medicinal chemistry may call for input
from systemic pharmacology, in other
words from a highly integrated and organ-
ismic pharmacology which may well be
the clinical pharmacology of the future. In
such a perspective, medicinal chemistry
would become more 'therapeutic', thus
providing a belated vindication of the
French label 'chimie therapeutique'.
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1. Brain Uptake and Physicochemical
Properties

Hydrogen-Bonding Capacity
and Brain Penetration
Han van de Waterbeemd* and Manfred Kansy

Abstract. Brain penetration has been reported to correlate with .110gP, defined as log
P (octan-I-ol/HzO) -log P (alkane/HzO). Another recent development, describing log
P as the Sum of a cavity or volume contribution and H-bonding capability, the latter
expressed by Asolvent values, prompted us to reinvestigate the properties accounting for
brain penetration. It was found that Aalkane and the hydrophilic part of the van der Waals
surface both correlate well with brain uptake. These findings offer new opportunities
for the design of compounds which either should or should not be active at sites located
in the brain.

1.1. The .11og P Concept
Numerous QSAR studies on eNS drugs

have demonstrated that besides pKa and
molecular size, lipophilicity is a highly
significant contributor to brain penetra-
tion [1][2]. Partition coefficients meas-
ured in the octan-l-ol/HzO system are
mostly used as experimental assessment
of the lipophilicity of a compound. How-
ever, it has been observed that neither
octan-l-ol/HzO (log Poct) nor cyclohex-
ane/HzO (log Pchex) partition coefficients
are predictive for brain penetration of Hz-
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