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Summary

From a number of experimental log P data, it is suggested that deviations from
additivity can be expressed as multiples of a w-factor which is 14 of Rekker’s C,
factor. This w-factor appears to relate to the hydrophobic fragmental system of
Rekker and that of Leo and Hansch, since the correction terms in the latter system
can also be expressed as multiples of w. Theoretical considerations suggest the
w-factor to be related to the molar volume of water and to the way in which water
molecules are packed around a solute. A Collander-type equation can also be
formulated which includes the w-factor. It is thus concluded that the w-factor may be
an expression of hydration /dehydration phenomena in partitioning processes.

Introduction

The partition coefficient (log P values) is of current interest in chemistry,
biochemistry and medicinal chemistry due to its relationship with biological activi-
ties. In the last two decades values of over 10,000 compounds have been determined,
and large collections of data are available (Hansch and Leo, 1979). The observation
that log P values have in a first approximation an additive-constitutive character has
led to the development of several substituent constant or fragmental constant
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systems (Hansch and Leo, 1979; Leo et al.,, 1971, 1975: Rekker, 1977; Rekker and de
Kort, 1979).

In a previous paper (Mayer et al., 1982a), we have discussed and compared the
possibilities and limits of the fragmental systems of Leo and Hansch (Leo et al.,
1975; Hansch and Leo, 1979), and of Rekker (1977; Rekker and de Kort, 1979).
Both systems display a set of correction factors. Although rules are presented to
apply these correction factors, the proposed procedures not infrequently lead to
unsatisfactory or poor predictions. The author., of both systems admit that a better
knowledge of hydration and solvation of partitioning solutes would greatly improve
the fundamental understanding of any fragmental system. In the present paper we
develop a hypothesis based on experimental and theoretical considerations which
may be a first step towards an improved understanding of hydration and solvation
in partitioning processes.

The partition coefficient of functionalized alkylpyridines

Introduction of the w-factor

We have recently published the log P, .. values, measured with the greatest
possible accuracy, of pyridylalkanols, pyridylalkanamides and pyridylalkylamines
where the side-chain is either at position 2-, 3- or 4- of the pyridyl ring (3
regioisomeric series), and where the side-chain has a length of 1, 2. 3, 4 or 5 carbon
atoms, with the substituent in the terminal position. This study also includes the
corresponding pyridylalkylammonium monocations, and the analogs phenylal-
kanols, phenylalkvlamines and phenylalkylammonium cations (Mayer et al.. 1982b,
¢). When in each homologous series the log P values are plotted as a function of the
number of C atoms in the side-chain, a good linearity (> = 0.99~0.999) exists for
usually 4 points out of 5. a consistent exception being the arylmethyl derivatives due
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Fig b The partition coefficient of (2-pyridvhalkanols in the svstem dibutyl ether- water (Maver and
testa. unpublished observations).
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to inductive effects. Other exceptions exist with the protonated amines (Mayer et al.,
1982¢). Initial studies in the system dibutyl ether-water (Maver and Testa, unpub-
lished observation) show a similar behaviour (e.g., Fig. 1). The outlying points
deviate from the calculated straight line by values in the ronge 0.131-0.586.
Attempts to express these deviations as a multiple of n (n=1, 2, 3, 4,...) of
Rekker's ‘magic’ constant C,, = 0.289 (Rekker and de Kort, 1979) are not satisfac-
tory. This constant term C,, was obtained by Rekker from the statistical analysis of
over 1000 compounds; although its physical significance is not clear, it is believed
that this factor is related to hydration (Rekker, 1977; Rekker and de Kort, 1979).

We have postulated that the systematic deviations from linearity found in our
results might be related to Rekker's C,, term, more specifically that they might be
expressed as fractions of C (Cy/m: m=2, 3, 4, 5,...). Following this approach,
we find that the best approximation is obtained for n-C,,/4, i.e. n-0.072. As an
illus:ration, the 3 regioisomeric pyridylalkylamines vield log P vs (CH,),, plots which
are linear (r2=0.998) for n=2, 3, 4 and 5. The 3 isomeric pyridylmethyiamines,
howelver. have log P values which are 0.143 + 0.020 units higher than extrapolated,
in otier terms 2 - 0.072 (residual 0.001). In Fig. 1, it is seen that the deviations can be
expressed as 6-0.072 (residual 0.009) and 3-0.072 (residual 0.000), respectively.
That the same treatment is applicable to the octanol-water and dibutyl ether-water
systems suggests the predominance of hydration contributions (see section on
Collander-type equations).

At this stage of the presentation, the factor 0.072 may well be artefactual or even
illusory. The value 0.072 is indeed 2 very small one, an1 it can correctly be argued
that the smaller the denominator, the smaller the residuals. Furthermore, this factor
originates from a limited number of experimental observations. In the remainder of
this paper. we want to show: (a) that the factor 0.072 fits other data, ir: particular the
correction factors of Leo and Hansch (1979); and (b) that a physicochemical
rationale can be postulated. For simplicity, we designate the factor 0.072 as the
w-factor.

The case of the morpholino and amino-acetamido fragments

In order to examine the influence of electronic intramolecular interactions on
hydrophobicity, Le Thérizien et al. (1980) have determined the hydrophobic frag-
mental constants, f,, of the morpholino, O(CH,CH,),N—, and amino-acetamido,
—NHCOCH,N{, fragments. The values (Table 1) were obtained from 8 morpho-
lino derivatives and from 8 N’.N’-dialkylamino-acetamides. Following Rekker’s
approach, the difference between these experimental f; values and the values
calculated as Zf g iy represent the hydrophobic increment due to intramolecular
interactions. In neither case is this increment a multiple of C,, since it represents
2.5-Cy and 4.5-C,, for the morpholino and amino-acetamido fragment, respec-
tively (Table 1). In contrast, the two hydrophobic increments are multiples of o,
since they represent 10 - w and 18 - w, respectively, with small residuals.

This example points to a shortcoming of C,, and brings a second indication of
the utility of the w-factor.
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TABLE |

HYDROPHOBIC FRAGMENTAL VALUES OF THE MORPHOLINO AND AMINO-ACETAMIDO
FRAGMENTS

O(CH,CH,),N— —NHCOCH,NJ
fragmental value f, 2 --0.880 -2.720
I P —1.604 ~4.012
f; = Sl gekker 0.724 1.292
(f; — 2 pokker )/CMm 2.5 4.5
m-0.072 10 18
{residual) {0.004) ¢~ 0.004)

“ Le Thérizien et al., 1980,
b Rekker and de Kort, 1979.

The hydrophobic fragmental system of Leo and Hansch

Rekker (Rekker, 1977; Rekker and de Kort, 1979) has developed a fragmental
system starting from over 1000 log P values and using statistical methods. Fragmen-
tal constants are thus mean values, and correction factors were forced as multiples of
C - In contrast, Leo (Leo et al., 1975; Hansch and Leo, 1979) started with a limited
set of small molecules (e.g. H,, alkanes) and introduced a considerable variety of
correction factors which become especially necessary when the calculated structures
are relatively complex. Indeed, Leo’s system is very well adapted for small molecules,
since his fragmental constants (') derive from such compounds.

We have already (Mayer et al., 1982a) pointed to a fundamental connection
between Rekker’s and Leo’s fragmental systems. Indeed, the values for the H
fragment (f, and f},, respectively) are related to its exposed volume in alkyl groups
and in H,, respectively:

fiy 023 581 cm’/mol
fy  0.182  4.62 cm®/mol

(1

Hansch and Leo (1979) have also mentioned the importance of exposed volume
when discussing the effect of multiple halogenation.

Here, we suggest a second fundamental connection between the two fragmental
systems, namely that their sets of correction factors are related and display a
common denominator which is the w-factor. Inspection of Leo's correction factors
(Table 2) shows values ranging from —1.42 to 1.0; particularly interesting in the
present perspective are the very small factors —0.08 and —0.09. The expression of
these correction factors in terms of multiples of @ is shown in Table 2. Some
residuals are minute, while others are relatively large, an inevitable result when one
remembers that these correction factors are approximations or means. Thus, Table 2
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cannot and does not bring any sort of proof that Leo’s factors are multiples of «.
Table 2 merely shows the good compatibility between these factors and the w-factor.
It must nevertheless be noted that when Leo’s factors are expressed as multiples of
Cpn/3.Cy/5, Cy/6... ., the mean residual values are proportionately less favoura-
ble then when using w.

Table 2 thus indicates that the correction factors in the two fragmental systems
may be related through the w-factor, as they are related through some exposed
volumes. This relationship can only be accepted if it is the expression of a
physicochemical phenomenon, in which case our understanding of partitioning
processes would be significantly improved. The remainder of this paper explores the
possible physicochemical meaning of the w-factor.

TABLE2
LEO'S CORRECTION FACTORS AS MULTIPLES OF w

Factors ¢ As m-w m residual
F.: -035 -0.57 -8 0.026
Fe: —042 -0432 -6 0.012
Fo®: —0.00 0 0 -
F.: -L® -1.44 -20 0.020
F&*: 0.00 0 0 -
Fhie: —0.12(n-1) -0.144 -2 0.024
F{"8 —009%n-1) -0.072 ~1 -0.018
Fryn: 020 -0.216 -3 0.016
Fuyp: —031 -0.288 -4 —-0.022
F.p,: —0.13 -0.144 -2 0.014
Fpp: —0.22 -0.216 -3 - 0.004
F,op —045 -0432 -6 -0018
Fonca: 0.30(n = 2) 0.288 4 0.012
0.53(n=13) 0.504 7 0.026
0.72(n = 4) 0.720 10 0.000
Fonva: 0-28(n - 1) 0.288 4 -0.008
Fpp: - 0.425(F, +1,) -0.432 -6 0.012
Fpa: —0.263(1, + ) -0.288 -4 0.028
Fpa: ~0.103(F, +,) ~0.072 -1 -0.028
Fpp: ~0.23(F, +f5) - 0.248 -4 -0.032
Fpy: —0.203(f, +f5) -0.216 -3 0.016
Fé —0.163(f, +1,) ~-0.144 -2 -0.016
Fouy ~0083(f, +(,) 0072 -1 - 0.008
Fyuon: 0.60 0.576 8 0.024
Fupo: 1.0 1.00% 14 -0.008

X = 0.003 +0.019

* From Hansch and 1Leo, 1979,
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The relationship between log P and molar volume. A physical interpretation of the
w-factor

In a recent publication, Testa and Seiler (1981) have derived an equation (Eqn. 2)
describing the relationship between Rekker’s f; values and van der Waals volume V,:

f,=0.0534V,+A, (2)

The parameter A was called a lipophobicity term, and is believed to be related to
hydration effects. Its values are negative ones. If one now assumes that the factor
w( = 0.072) accounts for solvation /hydration ¢.({~cts, one can write:

A=m (3)

where m is a multiplicity factor. When the original 83 A values of Testa and Seiler
(1981) are divided by 0.072 the results are mostly close to an integer. bearing in
mind that f and V are not known with full accuracy. Combination of equations 2
and 3 gives:

f,=0.0534V,—0.072 m, (4)
Or
f,=0072(0.74V,—m,) (3)

Surprisingly 0.74 is not just a random number but is the factor denoting the closest
packing of spheres. In Eqn. 5, the dimensions of this factor 0.74 are those of a
reciprocal volume.

In a paper on molar volumes. King (1969) states that above a certain minimum
size all molecules of a given type have the same packing density with a limiting value
close to the packing density of spheres (i.e. 0.74). It follows that Eqn. 5 must be valid
not only for fragments, but can be rewritten for entire molecules:

JogP=2=w-(0.74 2V, - Xm,) (6)
H
AN
‘I’ H
H ‘.0/
e
ot 077 \H
<
x
e T~w

big 20 A model of hydration by a cluster of 4 water molecules,
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The equations of King (1969) and Edward et al. (1977) indicate that closest
packing is obtained for molecules with molar volume above approximately 300
c¢m'/mol. However, smaller - slecules seem to display the same behaviour. This can
be understood by assuming that solute molecules act sphere-like in an ice-like
hydration sphere. Frank and Wen (1957) have developed a model of water based on
the concept that hydrogen bonds are not formed or broken one by one, but several
together. In this way nearly spherical clusters of water molecules are formed. The
term ice-like structures was introduced by Frank and Evans (1945); the water
molecules in the hydration sphere are, like in ice, tetracoordinated. Many theoretical
studies (Geiger et al., 1979; Rossky and Karplus, 1979; Scheraga, 1979; Hallenga et
al., 1980; Franks, 1979) confirm the structuring of waier around a solute. When all
kinds of different solutes are surrounded by ice-like structures it can be understood
that they are packed in a comparable manner, and this fact may be related to the
factor 0.74. A recent Monte-Carlo study (Okazaki et al, 1981) has shown that
stabilization and structuration of water do not change monotonically with the size of
the solute. This is in agreement with the view that hydration takes place by addition
of clusters of water molecules, in particular clusters of four (Fig. 2).

The molar volume of water as determined from molecular weight-density mea-
surements is 18.05 cm’/mol at 20°C and 19.64 cm'/mol for ice (Weast. 1972). A
water molecule in an ice-like hydration sphere can be expected to have a molar
volume intermediate between these two values. This is of interest in Eqn. 6. Indeed,
rewriting this equation yields:

1 1 m
074 o 8P=V-373 (7)
or
V- 8
1877 log P =V 594 (8)

where V=23V and m = Xm,. The dimensions of the factor 18.77 are those cf a
volume (see above), and indeed this factor can be postulated to represent the veiume
of a water molecule in an ice-like cluster. Based on this hypothesis, Eqn. 9 is
obtained:

v\u“’ulc e m (9)
VH_‘() 0.74 vll_‘()

log P=

ur

\Y .
longVS"—"&*m-w (10)

TN
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since (compare Eqns. 7 and 8):

1
1 1
0.74 Vyy o (1)

w

Eqn. 11 suggests that the w-factor is related to the volume of a water molecule and to
the way these molecules are packed around a solute. One way to interpret Eqn. 11
would be to postulate that the w-factor reflects the participation (binding or release)
of one molecule of water, and that the term m - w expresses a correction factor in
terms of the number of water molecules involved. In this hypothesis, Rekker’s C,
reflects the participation of a cluster of 4 water molecules (Fig. 2). Apparently a
hydration sphere is built up by clusters packed in an ideal way (explaining the factor
0.74). The abundance of 4w = C,, must be due to the fact that water molecules in
the hydration shell tend to be tetracoordinated. However, it might be expected that
in a number of cases involvement of a cluster of 4 water molecules is not favoured
for steric or other reasons, and multiples of C,, do not fit experimental log P values,
as shown in foregoing Sections.

Collander-type equations

The intercorrelation between two sets of partition coefficient values measured in
two different solvent systems was recognized by Collander (1951) and can be
expressed as:

‘Og Phulw:nl x)= a lOg P(solvenly)+ b (12)

Leo =t al. (1971) have compiled a large number of these equations and distinguished
3 classes of compounds: H-donors, H-acceptors and neutral. Empirical equations
like Egqn. 12 are not fully understood, and several attempts have been made to derive
more meaningful equations of this type.

Seiler (1974) bhas introduced increments for hydrogen bonding (1,,) for 17
different molecular fragments and has proposed Eqn. 13:

IOg Psulwm = log Puc(unul + b - ‘\':IH ( ]1)

Rekker (1977) has iried to incorporate his ‘magic’ constant C,,. Based on the
assumption that:

f»nlvcnl = pfnulunnl + kl] ) CM ( 14)
£gn. 15 is obtained:

log P e =p log P +0.268p'Skn (15)
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where 0.268 is the mean magic constant defined as

n
Z C M(solvent |)/n

i=1

and wkere p” = Cyyco1ven)/C mincranon)- 1t must be noted that only Cyyoeianor, is Well
developed on a statistical basis.

The w-factor as formulated in Eqn. 6 can be used to derive a new simple equation
of the Coliander-type. When Eqn. 6 is written for octanol and for any other solvent,
and if one assumes:

(2\/.) = (Zvi)ocmnol (16>

solveny

then Eqgn. 17 is obtained.

lOg Psolvem = lOg Pm:lannl + w[(zmi)nclannl - (Eml )solvem] (17)
or in a simplified form:
l()g Psulvcnl = lOg Poclam\l tm-w (18)

The similarity of Eqns. 13 and 18 is apparent. An illustration of Eqn. 18 is given
by the log P values of n-alcohols in the n-octanol-water ané chloroform-water
systems (see Table 3) (Hansch and Leo, 1979). The correspondence with multiples of
w is apparent only when calculated log P values are used, i.e. when experimental
errors are distributed and eliminated as far as possible. It is certainly not easy to
detect the small w-factor from heterogenous experimental data. However, the above
example suggests that @ indeed can play a role in solvent system conversions.

In the case of Eqn. 18, the m - w term can be postulated to represent, for a given
solute (and not for a series of compounds, see below), a difference in hydration /de-
hydration in two solvent systems. In this hypothesis, the higher affinity of alcohols
for n-octanol than for CHCI, (Table 3) could mean that alcohols must strip off more
water molecules when entering the chloroform than the octanol phase. The dif-
ference in the number of water molecules involved would then be given by m -
(Table 3). Interesting is also the observation that the log P difference between the
two systems decreases with increasing lipophilicity of the solute. Perhaps the higher
alcohols enter chloroform with more hydration molecules, or enter octanol with less
hydration molecules, than the lower alcohols.

It must be emphasized that Eqn. 18 is valid for a given compound, not for a
series. When the entire series of alcohols in Table 3 is considered, Eqn. 12 applies
and takes the following values:
log Péjicy, = 1,132 1og P - 0.551 (19)

ogt

(n=7:r=1000)



€01'T— "D pE90 =" W 2ot ,
FR}

TLET =D 0950 = ynd FOp

7000~ € PI1T0 SEE°T e VST - Ly jourrday-u
0000 v 8870 L1 69’1 686°1 €07 o) fouexay-u
7000 S 980 L9071 SOl 6Tl o't ) jouerund-u
#00°0 9 9EH°0 £EP°0 ovo 698°0 68°0 ko) foueIng-u
9000 L 0150 1020~ 1€0- 60£°0 870 o) pourdosd-u
3000 8 £85°0 SEQ0— $8'0- 16570~ 60— s jouey1d
0100 6 859°0 69%1 — 9¢' — 1180 6L0— D foueaWw
[enpisa1 w ['282d Fol - ,5d 301] M2 80| 424 301 L end 301 duad 30] D

38

(6L61 "OFT ANV HISNVH) STOHODTV-# 4Od SINIIDII490) NOILILAVd
t JT4VL



39

Discussion and conclusion

Starting from experimental log P values, a correction factor w has been pos-
tulated. In a subsequent step, this w-factor was suggested to be a common de-
nominator relating correction factors in the hydrophobic fragmental systems of
Rekker and of Hansch and Leo. Introducing the w-factor into equations relating
log P values and molar volumes, and in Collander-type equations, has also lead to
interesting conclusions, in particular the potentially meaningful Eqns. 10, 11 and 18.

Based on molar volume considerations, our interpretation is that the w-factor
represents one molecule of water, and that the term m - © thus expresses a correction
in terms of a number of water molecules.

The partitioning process is certainly a complex one. Four factors can be expected
to be operative, namely hydration and solvation in the .olvent-saturated aqueous
phase, and solvation and hydration in the water-saturated organic phase. But as
stressed by Kiihne et al. (1981), the partition coefficient is a global quantity which
does not explain single events in a given phase. The decomposition of the partition
coefficient into a volume-dependent hydrophobic contribution and a polarity-related
lipophobic contribution as shown by Testa and Seiler (1981) and as apparent in Eqgn.
10 is a first step towards discriminating the solvation and hydration processes.
Indeed. the volume term in Eqns. 2 and 10 can be postulated to account for
solvation and for hydrophobic water-structuring effects around the solute, while the
A, (Eqn. 2) or m- w term (Eqn. 10), as indicated earlier, would represen: genuine
hydration.

This paper shows that an improved understanding of partitioning processes calls
for a good knowledge of molar volumes and volume-related effects. Calculated
molar volumes as reported in the literature exhibit considerable differences, e.g.
values of the CH, fragmental volume range from 6.74 cm’/mol (Bultsma, 1980) to
16.58 cm’'/mol (Moriguchi et al., 1976). The best way to obtaia molar volume is
certainly by very accurate density measurements (e.g. Perron and Desnoyers 1979;
Shahidi, 1981), but much remains to be done in this field. The soivent dependency of
molar volumes is also being vestigated, and obviously Eqn. 16 is an approxima-
tion. Generally, a partial molar volume can be written as:

V=V, +V +4V, (20)

where V_ is the intrinsic volume of a molecule, sometimes called the Van der Waals
volume; V, is the dead (empty, or void) volume arising from the geometrical
orientation of the solute molecule in the solvent, and is thus associated with the
packing of the solute in the solvent—this term, like the conformation, is solvent-
dependent, and is also smaller when a group is more hydrophilic; and AV, reflects
effects due to mutual interactions of solute and solvent (Edward et al., 1977; Shahidi
et al., 1977). The exact meaning of ‘molar volume’ is thus far from clear at present,
and further investigations, both experimental and theoretical, are warranted.

In conclusion, the interpretation presented in this paper is hypothetical yet
intriguing because it has been reached through a number of independent ap-



40

proaches. Volume and hydration effects have been confirmed as major contributions
to partitioning processes. The w-factor at this stage has a double interest, namely to
offer a fresh investigational approach to assessing these contributions, and also to
unify and simplify correction terms used in hydrophobic fragmental systems. But
whether the physicochemical reality of the w-factor will ultimately be confirmed or
disproved, our understanding of partition processes, and QSAR-oriented parametri-
zation of molecular properties, can only benefit from a prejudice-free approach.

Acknowledgements

The authors are indebted to the Swiss National Science Foundation for Resarch
Grant 3.013-0.81.

References

Bultsma, T., Log P in relation to some geometrical properties of apolar molecules (1). Eur. J. Med. Chem..
15 (1980) 371-374.

Collander, R., The partition of organic compounds between higher alkohols and water. Acta Chem.
Scand., 5 (1951) 774-780.

Edward, J.T.. Farrell, P.G. and Shahidi, F., Partial molar volumes of organic compounds in water. Part I.
Ethers, ketones, esters and alcohols. J. Chem. Soc. Faraday Trans. 1. 73 (1977) 705-714.

Frank., H.S. and Evans, M.W._, Free volume and entropy in condensed systems. 111. Entropy in binary
liquid mixtures; partial molal entropy in dilute solutions; structure and thermodynamics in aqueous
electrolytes. I, Chem. Phys., 13 (1945) 507-532.

Frank, H.S. and Wen, W.Y., Structural aspects of ion-solvent interaction in aqueous solutions: a
suggested picture of water structure. Discuss. Faraday Soc.. 24 (1957) 133-140.

Franks, F. (Ed.), Water, Vol. 6, Ch. 3, 5 and 6, Plenum Press, New York, 1979,

Geiger, A., Rahman, A. and Stillinger, F.H., Molecular dynamics study of the hydration of Lennard-Jones
solutes. J. Chem. Phys., 70 (1979) 263-276.

Hallenga, K., Grigera, J.R. and Berendsen, HJ.C., Influence of hydrophobic solutes on the dynamic
behavior of water. J. Phys. Chem.. 84 (1980) 2381-2390.

Hansch, C. and Leo, A., Substituent Constants for Correlation Analysis in Chemistry and Biology. Wiley,
New York. 1979, pp. 171-330.

King. E.I.. Volume changes for ionization of formic, acetic and n-butyric acids and the glyveinium ion in
aqueous solution at 25°C. J. Phys. Chem., 73 (1969) 1220-1232.

Kihne, R., Bocek, K., Scharfenberg, P. and Franke, R., Hydrophobicity and hydrophobic interactions. 11
Differentiation of surface area effects on several thermodynamic transfer data of hydrophobic solutes.
Eur. §. Med. Chem.. 16 (1981) 7-12.

Leo, A., Hansch, C. and Elkins, D., Partition coefficients and their uses. Chem. Rev., 71 (1971) 325-616.

Leo. A., Jow, P.Y.C., Silipo, C. and Hansch, C.. Calculation of hydrophobic constant (fog P) from o and f
constants. J Med. Chem., 18 (1975) 865-868.

Le Theérizien, L., Heymans, F., Redeuilh, C. and Godiroid, ).-J., Partition coefficient additivity, 1.
Morpholine und N-(N’N’-disubstituted amino acryb)-arvlamine series. Eur. J. Med. Chem., 15 (1980)
311-316.

Muyer, LM, van de Waterbeemd, H. and Testa, B., A comparison between the hydrophobic fragmental
methods of Rekker and Leo, Eur. 1. Med. Chem., 17 (1982a) 17-25,

Maver. J M., Testa, B., van de Waterbeemd, H. and Bornand-Crausaz, A.. Non-additivity and intramolec-
ular effects in the partition coeffivient of w-functionalized alkylpyridines. Eur. J. Med. Chem., n press.



41

Mayer, J. M., Testa, B., van de Waterbeemd, H. and Bornand-Crausaz, A., Derivations in the log P of
protonated arylalkylamines and their apparent log P. Eur. J. Med. Chem., 17 (1982¢) 461-466.

Moriguchi, 1., Kanada. Y. and Komatsu, K., Van der Waals volume and the related parameters for
hydrophobicity in structure—activity studies. Chem. Pharm. Bull., 24 (1976) 1729-1806.

Okazaki, 8., Nakanishi, K., Toukara, H., Watanabe, N. and Adachi, Y.. A Monte Cario study on the size
dependence in hydrophobic hydration. J. Chem. Phys., 74 (1981) 5863~5871.

Perron, G. and Desnoyers, J.E., Volumes and heat capacities of benzene derivatives in water at 25°C:
group additivity of the standard partial molal quantities. Fluid Phase Equil., 2 (1979) 239-262.

Rekker. R.F., The Hydrophobic Fragmental Constant. Its Derivation and Application. A Means of
Characterizing Membrane Systems, Elsevier, Amsterdam, 1977.

Rekker, R.F. and de Kort, H.M., The hydrophobic fragmental constant; an extension to a 1000 data point
set. Eur, J. Med. Chem., 14 (1979) 479488,

Rossky, P.J. and Karplus, M., Solvation. A molecular dynamics study of a dipeptide in water. J. Amer.
Chem. Soc., 101 (1979) 1913-1937.

Scheraga, H.A.. Interactions in aqueous solution. Acc. Chem. Res., 12 (1979) 7-14.

Seiler, P., Interconversion of lipophilicities from hydrocarbon/water systems into the octanol/water
system. Fur. J. Med. Chem,, 5 (1974) 473-479.

Shahidi, F., Farrell, P.G. and Edward, J.T., Partial molar volumes of organic compounds in water. Part 2.
Amines and amides. J. Chem. Soc. Faraday Trans. I, 73 (1977) 715-721.

Skahidi. F., Partial molar volumes of organic compounds in water. J. Chem. Soc. Faraday Trans. 1, 77
(1981) 15111514,

Testa, B, and Seiler P.. Steric and lipophobic components of the hydrophobic fragmental constant.
Arzneim.-Forsch., 31 (1981) 1053-1058.

Weast. R.C., (Ed.). Handbook of Chemistry and Physics. CRC, Cleveland, 1972.



