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Partition and distribution coefficients of aryloxypropanolamine

p-adrenoceptor antagonists

M. RECANATINI, Universita di Bologna, Dipartimento di Scienze Farmaceutiche, Via Belmeloro 6, 40126 Bologna, Italia

Abstract—n-Octanol/water partition and distribution coefficients of
fifteen B-blockers have been measured and the relationships between
log P (neutral species), log P; (fully ionized species) and log D44 have
been examined. A strict correlation exists among these three
parameters, suggesting that the ionization exerts similar effects on
the partition behaviour of these drugs.

The aryloxypropanolamines are the most widely represented
chemical class within the group of the S-adrenergic blocking
drugs. It is known that their cardiac activity is correlated with
their lipophilic character and a number of studies have appeared
in the literature dealing with this argument (Hellenbrecht et al
1974; Rauls & Baker 1979; Cruickshank 1980; Harada et al 1981;
Gortner & Hellenbrecht 1988). The lipophilicity of these drugs
has also been shown to have a role in some of their biochemical
actions (Street & Walsh 1984), as well as in their binding to
tissues (Dax & Partilla 1982; Ijzerman et al 1985, 1987; Bree et al
1986). Schoenwald & Huang (1983) studied the corneal penetra-
tion of f-blockers, while the relationships between the pharma-
cokinetics and the lipophilicity of these drugs in man have been
thoroughly reviewed by Hinderling et al (1984). Several papers
have been devoted to the study of the partition properties of -
blockers (Woods & Robinson 1981; Barbato et al 1990).

The partition coefficients published in the literature are
collected in the database of the Pomona College MedChem
Project (1986), which also provides a list of the most reliable data
called STARLIST. From the same source a program is available
called CLOGP, which allows one to calculate the partition
coefficient of a given molecule. Considering the usefulness of a
reliable method of calculation of the partition data, it is
important to check the performance of the program with sets of
carefully measured values. In two recent articles a good
correlation between experimental and calculated partition coef-
ficients of a number of f-blockers has been shown (Recanatini
1989; Mannhold et al 1990).

Because of their basic nature, the aryloxypropanolamines are
partially ionized at physiological pH (7-4), and the ionization
influences the partition behaviour of the compounds. In the
following we will use the term partition coefficient (P) to mean
the ratio of the concentrations of a single species between the two
phases, and the term distribution coefficient (D) to mean the
ratio of the concentrations of all the species (i.e. neutral, ionic,
ion-pair, ion clusters) between the octanol and aqueous phases.

It is the aim of this paper to present a consistent set of log P
and log D74 data of a number of B-blocking drugs with the

aryloxypropanolamine structure. We take into consideration
the partition of the compounds both as neutral species and as
ionic species; a comparison is made between these values and the
distribution coeflicients at physiological pH. A comparison
between the experimental log P values and those calculated by
means of the CLOGP program is also presented, in order to
further explore the reliability of the calculated values.

Materials and methods

Chemicals. The following drugs were obtained from the indi-
cated companies: diacetolol hydrochloride (May & Baker,
Dagenham, UK); cetamolol hydrochloride (Wyeth-Ayerst,
Princeton, USA); moprolol hydrochloride (Simes, Milano,
Italy); bisoprolol fumarate (Merck, Darmstadt, Germany);
bunitrolol and pargolol (Boehringer Ingelheim, Ingelheim,
Germany); befunolol hydrochloride (Thilo, Sanerlach, Ger-
many); metipranolol and carazolol (Boehringer Mannheim,
Mannheim, Germany); mepindolol sulphate (Schering, Berlin,
Germany); betaxolol (L.E.R.S., Paris, France); procinolol
(Roussel Uclaf, Rounainville, France); flusoxosol hydrochloride
(Hoffmann-La Roche, Basel Switzerland); penbutolol (Hoechst,
Frankfurt, Germany); bornaprolol hydrochloride (Rhéne-Pou-
lenc, Gennevilliers, France).

All the substances used for the buffer solutions as well as
n-octanol were of analytical grade and were purchased from
Farmitalia-Carlo Erba, Milano, Italy.

Methods. All the partition measurements were carried out
following the shake flask method (Leo et al 1971). Each reported
value is the average of at least four runs, with a standard
deviation <0-03; the amount of substance used in the partition
studies was such to allow a tenfold interval of concentration
whenever possible. It has to be noted that in no case was a
dependence of the log Dy, values on the solute concentration
found, which suggests that ion-pairing does not influence the
partition behaviour.

The partition coefficients of the neutral compounds (log P)
were measured using -1 M NaOH as aqueous phase (pH = 13),
while those of the ionized molecules (log P;) were measured using
0-1 M HC! (pH=1-2); the potassium dihydrogen phosphate/
sodium hydroxide buffer was used for the measurements at pH
7-4 (log D74). The concentrations of the substances used were
such that the resulting ionic strength of the solutions ranged
between 0-1 and 0-3. Ionic strength below 0-1 had a negligible
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ect on the distribution coefficients and a significant increase in
1og P appeared only at much higher values (Dearden & Bresnen
19}8\8)(-:1&50" micro pH 2000 pH meter was used to measure the
H of the buffer solutions and a Varian DMS 90 UV-visible
spectrophotometer was used for the quantitative determinations
of the drugs in the standard solutions and in the partitioned

solutions.
The CLOGP values were calculated by means of the CLOGP

program Ver. 3.42.

Results and discussion

The experimentally determined data for the 15 B-blockers
considered are presented in Table 1 as log P, log P; and log D;.4.
In the case of the measurements performed using 0-1 M NaOH or
0-1 M HCl, a single species is assumed to be present, and we refer
to these values as log P (of the neutral molecule) and log P; (of the
jonized molecule), respectively. However, the log P; data of
Table 1 actually show the partition of the ion-pairs formed by
the ionized amine and the negatively charged counterion (in this
case C17). The variation in log P; values throughout the series
exactly parallels the variation in log P, which can be expressed by
means of equation 1:

log Pi=1-05(+0-08) log P — 3-00( 4:0-22) )

n=15 r=0-991 s=0-142 F(1,13)=745-62
This equation shows that the structural changes which cause a
variation in the partition coefficient of the neutral molecule
cause an equal change in the partition coefficient of the ionized
molecule. The average difference between log P and log P; is 2-88
and this difference is constant throughout the set (s.d.=0-14).
This should mean that the amino nitrogen is electronically
isolated from the aromatic moiety of the molecule. In fact the
structural changes occur on that moiety and the interaction with
the ionized amine either are absent or do not cause inhomoge-
neous effects on the partition.

The log D74 is a composite parameter, which takes into
account the presence of several species in the two phases. It is
mainly influenced by the pK., of the molecules, because the pK,
determines the fraction ionized at that pH. For this reason in a

series of compounds with varying pK., log P and log D7 should
be correlated via the pK, values. On the other hand, Ezumi &
Kubota (1980) have demonstrated that in a series of similar
compounds whose pK, and Alog P values are almost equal, log P
and log D are in linear relation to each other, with a slope of 1.
Considering the log P and the log Dy, values of Table 1, we
obtained the following equation:

log D74=1-10(£0-16) log P—2-42(+0-32) 2)
n=15 r=0985 s$=0199 F(1,13)=412:44

The pK, values of most of the drugs of Table 1 are not known,
but on the basis of equation 2 it is reasonable to state that they
should be similar. This means that the ionization similarly
affects the partition behaviour of all the compounds studied.
Confirmation comes from the consideration of the differences
between log P and log D74, which are stable around the mean
value (2:17+0-21).

Given the relationship existing among log P, log D, pH and
pK,, one could calculate the ionization constant using the
known data. This procedure, however, is not fully reliable in this
author’s opinion, as calculation errors inherent in a number of
measurements may accumulate. However, even calculated pK,
values can be useful in giving at least an estimate of the
ionization constants. The pK, values were thus calculated, using
the expression derived by Horvath et al (1977) for relating the
chromatographic capacity factors of weak acids and bases with
the hydrogen ion concentration, the ionization constant and two
limiting capacity factors of the un-ionized and the fully ionized
species. Recently, Barbato et al (1990) made use of this
relationship for describing the ionization/partition profiles of
weak bases in terms of octanol/water partition and distribution
coefficients:

_P+P(H K,
T+ (H7 /K

The pK, values obtained in this way are reported in Table |,
together with the experimental values available in the literature.
All the calculated ionization constants lie in a narrow interval
but show some discrepancy with respect to the few measured
ones.

Table 1. Partition data and ionization constants of $-blockers.

Name log P log P; log D74
Diacetolol 0-94 —199 —1-21
Cetamolol 1-36 —1-62 —1-03
Moprolol 1-69 —121 —0-64
Bisoprolol 1-87 —096 —-0-23
Bunitrolo}l 1-97 —-093 —0-36
(2:05%) (—0-51%)
(—0-40%
Befunolol 2:02 —0-90 —0-12
(—0-08%
Metipranolol 2:28 —0-35 0-43
(0-36%
Mepindolol 230 —0-58 0-05
Pargolol 2:32 —0-68 —0-19
Betaxolol 2:81 —0-14 0-55
Procinolol 3-07 0-02 0-84
Carazolol 3-59 072 1-50
Flusoxosol 3-70 0-71 1-44
Penbutolol 4-06 1-24 197
(1-92°
Bornaprolol 417 1-68 2-53

CLOGP  (log P-CLOGP) pK.?
0-55 —0-39 9-6
0-27 —1-09 9.9
111 —-0-58 9.9
1-21 — 066 9-6
174 —0-23 9.9

(9-40°)
1-76 —026 9.6
312 0-84 93
(9-70°)
2:30 0-00 9-8
1-16 —1-16 101
2:32 —0-49 9-8
(9:219)
267 —0-40 9.7
3.03 ~0-56 9:6
3-66 ~ 004 9.7
4-20 0-14 96
(9-40°)
4-10 ~0:07 91

2 Calculated values; see text. ® Experimental values from Barbato et al (1990). ¢ Experimental
values from Mannhold et al (1990). ¢ Experimental value from Harada et al (1981).
¢ Experimental value from Bree et al (1986).
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In Table 1, the calculated CLOGP values and the differences,
CLOGP —log P, are also reported. The average A value is
—0-33, which confirms the value of —0-37 reported earlier
(Recanatini 1989); the standard deviation is somewhat higher
(0-49) and this can be due to some positive deviations which
appear in the present series. We noted a positive deviation for
bupranolol in the previous paper, but had not enough data to
consider it anything but an outlier. In the series of Mannhold et
al (1990) the deviations between CLOGP and log P for the
common compounds point in the same direction.

The correlation between experimental and calculated parti-
tion coefficients from Table 1 is expressed by equation 3:

CLOGP = 1-17(+0-28) log P—0-75(+0-76) 3)
n=15 r=0928 s=0481  F(1,13)=80-45

An overall good correlation exists between experimental and
calculated log P values. Although the standard deviation is high,
indicating some scattering of the points around the correlation
line, the slope is close to 1 suggesting that the structural
variations which cause changes in the partition coefficients
throughout the series are well accounted for by the algorithm.

Finally, the experimentally measured partition data found in
recent articles are reported in Table 1. The values from different
laboratories are in good agreement, with differences within the
experimental error. Considering that the measurements have all
been performed by means of the shake flask method, the
consistency of the data can be regarded as another indication of
the reliability of this procedure.

1 gratefully acknowledge the gifts of substances from the
mentioned companies.
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