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PHARMACODYNAMICS A MEDICINAL
CHEMISTRY
PHARMACOKINETICS > BIOCHEMISTRY

Synthetic chemistry
Analytical chemistry
Physical chemistry
Structural chemistry

Quantum chemistry

Mathematical chemistry

Figure. The relation of medicinal chemistry with connected disciplines

discoveries in the chemical sciences (e.g.
synthetic chemistry), but the major contri-
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 turn has begun to
deeply affect the thinking and work of
thedicinal 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 phatmacology of the future. In
such a perspective, medicinal chemistry
would become more ‘therapeutic’, thus
providing a belated vindication of the
French label ‘chimie thérapeutique’.

The authoris deeply indebted to Profs Lemont
B. Kier, currently holder of the Chair of Honour
at the University of Lausanne, for many stimulat-
ing discussions and for his insightful correction
of the text.
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Hydrogen-Bonding Capacity
and Brain Penetration

Han van de Waterbeemd* and Manfred Kansy

1. Brain Uptake and Physicochemical
Properties

1.1. The Alog P Concept

Numerous QSAR studies on CNS 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-1-ol/H,O system are
mostly used as experimental assessment
of the lipophilicity of a compound. How-
ever, it has been observed that neither,

octan-1-0l/H,0 (log P_.) nor cyclohex~

ane/H,0 (log P, ) partition coefficients
Abstract. Brain penetration has been reported to correlate with Alog P, defined as log  are predictive for brain penetration of H,-
P (octan-1-0l/H,0) —log P (alkane/H,0). Another recent development, describing log
P as the sum of a cavity or volume contribution and H-bonding capability, the latter
expressed by A, ... values, prompted us to reinvestigate the properties accounting for
brain penetration. It was found that A, , . and the hydrophilic part of the van der Waals

surface both correlate well with brain uptake. These findings offer new opportunities
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receptor histamine antagonists [3][4]. From
further investigation, a new concept emer-
ged. It was found that a good correlation
exists between the logarithm of the equi-
librium brain/blood concentration ratios
and the differences Alog P (=log P, —log

P, .,) of partition coefficients in two dif-
ferent solvent systems. The Ganellin-
Young group believed that Alog P ac-
counts for H-bonding ability and reflects
two distinct processes [3][4]. Thelog P, .
parameter could reflect partitioning into
nonpolar regions of the brain, while log
P, might account for protein binding in
the peripheral blood. To target compounds
into the brain by passive diffusion, there-
fore, one should minimize polar H-bond-
ing groups and molecular size.

This Alog P concept has also been
explored for skin penetration [5]. Skin
penetration can be rationalized by consid-
ering inter- and intracellular routes. Testa
and coworkers demonstrated that Alog P
contains information on the capacity of a
solute to donate H-bonds. In their view,
the rate-limiting step in brain penetration
is the donation of H-bonds of a solute to
the hydrophilic parts of lipids in the blood-
brain barrier [5][6].

1.2. H-Bonding

H-Bonding capacity has been exten-
sively studied in solvatochromic equa-
tions for identifying the physicochemical
properties governing solubility and parti-

Table 1. Physicochemical Properties of Alkanes
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) Molar volume calculated with our in-house program MOLOC. ®) Molar volume taken from 8].
¢) Experimental partial molar volume [8].

tioning phenomena [6][7]. Compilations
of H-bond donor acidity (&) and acceptor
basicity () can be found in the literature.
However, these solvatochromic parame-
ters can only be obtained with great exper-
imental difficulty. Very recently, a new
approach has been presented to assess o
and f from log P data.

By various lines of evidence it can be
shown thatlog P is a composite parameter,
consisting of a cavity and a polarity term:

logP=aV+A €9)

Test compounds for brain penetration.
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where V is the van der Waals volume and
A accounts for polarity of the molecule
including H-bonding capacity, and, there-
fore, A = 0 for alkanes. A for polar com-
pounds is calculated from the difference in
log P between the experimental value and
the one calculated from the molar volume
using the reference equation for the al-
kanes (e.g. Egns. 2 and 3).

It was observed that A calculated from
log P, values (A,) correlate quite well
with H-bond acceptor basicity (f8), while
A calculated from log P values measured
in alkane/H,O systems log P, (A,;,) cor-
relate with total H-bond capacity (o and
B). Thus, experimental log P values and
calculated molar volumes give elegant
access to H-bonding capacities [8].

1.3. log P Measurement and
Calculation

The measurement of Alog P values is
quite time-consuming, even with modern
approaches such as centrifugal partition
chromatography [9]. For certain series of
compounds, it might even be excluded,
since the log P of the compounds lies
beyond the limits of reliable log P meas-
urement. In such cases, calculated log P
values might be of help, but of course only
when such calculations are highly relia-
ble. log P, can be calculated using the
Rekker or Leo-Hansch fragmental ap-
proach [10]. Rekker and Mannholdrecent-
ly have extended this approach and sug-
gestan additive scheme for calculations of
log P in alkane/H,O [11]. A very crude
estimate of Alog P values, therefore, can
now be made, but great care is warranted.

As we have seen above, H-bonding
properties are believed to play an impor-
tant role in brain penetration processes.
Taking advantage of these new A param-
eters we have reinvestigated the brain
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