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ABSTRACT

A new general solvation equation developed by Abraham and Whiting has been
investigated and its applicability to a number of very important phenomena has been

studied. The general solvation equation is:
logSP=c+rRy+ sty + azo, + bEBH2 +v Vx

where SP is the measured solute dependent property, the solute descriptors are R, an
excess molar refraction, nH2 the dipolarity/polarisability, o', and =p", the effective

hydrogen-bond acidity and basicity, and V the characteristic volume of McGowan and

the equation constants relate to the properties under investigation.

The equation has successfully been applied to chemical phenomena - high performance
liquid chromatographic data (SP = x’) - octanol-water and alkane-water partitioning
(1ogSP = logP), as well as Seiler’s hydrogen bond descriptor (logSP = AlogP). The
solute factors that influence these processes have been ascertained. The equation has
also been applied to biological phenomena; application of the equation to blood-brain
equilibrium distribution measurements (SP = BB) for the first time yields the factors

controlling the distribution:

10gBB, 4, = -0.038 +0.198R -0.687 7", -0.715Za", -0.698 =", + 0.995Vx
n=57 p=0.9522 sd=0.197 F=99.2

Similarly application to skin (stratum corneum) permeation (SP = kp) and partition data
(SP = Km) leads to an understanding of the exact factors that influence these processes.

In the former case the derived equation is:

loghp = -5.201- 0.782x"L, - 0.408%a - 3.3935pH +2.004vx
n=46 p=0.9757 sd=0.266 F=2032

Many solute descriptors used in this work have been obtained by a novel techniques,
these are illustrated. In addition, the application of the logP,,s approach has been
described, whereby the well known octanol-water partition coefficient has been

combined with solute descriptors to yield a high quality yet simplified correlative tool.
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CHAPTER 1
INTRODUCTION

1.1 General Introduction

In everyday life the scientist encounters situations that most people take for granted,
whether that be the seemingly ‘simple’ process of the evaporation of water or the
apparently complex process of aviation. But being a scientist, he is able to break down
the situation, to apply scientific principles to both understand and predict, and thus he
understands that simple evaporation is not so simple and the flight of an aircraft is not
so complex. However even in this day of complex supercomputers allowing super-
simulations, which keep track of thousands of molecules, or can model target biological
receptors in three dimensions, some things remain complex.

One such complexity is the behaviour of a drug in a biological system. Thus in the
process of drug development, potentially thousands of molecules have active
pharmacophores, hundreds have excellent in vitro activity but only a handful have
activity in the biological in vivo system. Even of these, fewer still possess the right
behaviour and tolerance properties to reach the end users - patients. This is because
before any efficacy of the drug is noticed, a candidate drug molecule must undergo the
complex processes of pharmacokinetics and pharmacodynamics. Thus these difficulties
lead to drug design being a complex ‘hit and miss affair’ and why the first approach for
a drug designer is not a computer program or theoretical model based on a hypothesis,
as might be expected at this advanced juncture in time, but rather a resort to emulate
existing drugs or manipulate natural molecules from the cornucopia of natural products.
Given these complications, researchers over the last century have striven to find ways of
predicting whether a molecule will be active based on physicochemical properties and
molecular structure. Utilising the mathematical tools of statistics to find relationships
this has led to the area now termed QSAR, quantitative structure-activity relationships.
Typically researchers have modified a parent molecule structure to identify what effect
change in structure will have, on either activity or on physicochemical constants such as

equilibria or rate. The latter types of studies have developed into the broadly termed
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Figure 1.1

Structure-Property-Relationships (SPRs) - A depiction of the interrelationships of
chemical and biological phenomena with molecular structure’, where solid and dashed
arrows represent influence and information, respectively.

LFER

Chemical
Phenomena

A

Molecular 4°°
Structure
v,

\J
Biological

Phenomena

QSAR

“Adapted from Testa, B., Kier, L., Med.Chem. Rev., 1991, 11, 35

SPRs, structure-property relationships field, (which encompasses QSAR) and where
research focuses on the correlation of various chemical, intrinsic molecular and
biological properties (see Figure 1.1).

In this Thesis the correlation of various chemical and biological phenomena are
discussed. It is shown how application of SPR s have lead to greater understanding and
predictability of structure dependent systems. In particular, the relatively new approach
of solute descriptors forms the basis of the new analyses presented. In this approach
molecular (solute) descriptors describe a molecule in terms of H-bonding, polarisability/
dipolarity and volume. These solute descriptorsl can then be correlated to reveal a

clearer insight as to the factors controlling these chemical or biological systems.
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1.2 Background- a Survey of SPR s and the Parameters Used

1.2.1 Early Studies

The first attempt to relate biological activity to chemical structure dates back to 1865-
1870 when Crum-Brown and Fraser® postulated that biological response, BR, of a

molecule is a function of it chemical constitution, C, as described in eq(1.1).
BR=f(C) (1.1)

In 1893 Richet’ expanded upon this theme, by showing that the toxicities of a series of
alcohols, ethers and ketones were inversely related to their water solubility.

The concept of distribution and partition between two immiscible phases was developed
as long ago as 1872 by Berthelot and Jungﬂeisch4, who conducted systematic
investigation into the distribution of compounds between two immiscible phases,

phases A and B. They accurately measured the equilibrium distribution of Br, and I, in

a solvent system of carbon disulphide and water. Their studies indicated that the
partition coefficient was independent of the relative volumes of solution used, but was a
constant ratio of the concentration of solute in each phase allowing a distribution or

partition coefficient, P, to be defined, eq(1.2).

p= [concentration of solute in phase A] (1.2)

[concentration of solute in phase B]

In 1891, the contribution of Neurst’ increased the interest and awareness of the concepts
of distribution and partition. He clarified the theory of partitioning by stating that the
partition coefficient would only be constant if a single molecular species was being
partitioned between two solvents. This explained some results that were unaccounted for
by Berthelot and Jungfleisch.

The development of the partition coefficient enabled a Swiss biologist, Overton® to
correlate the narcotic action of compounds on tadpoles with their oil/water partition
coefficients. In this pioneering work conducted around 1895, he discovered that the

greater the oil solubility of a compound, the more potent its narcotic action was on the
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tadpole. This led him to conclude that the narcotic substances were causing physical
changes in the lipid content of the cells. Meyer’ independently rationalised that the
degree of narcosis was directly related to olive oil-water distribution of a compound.
These suggestions led to what is now known as Meyer and Overton theorys.

During the early part of the 20th century other physicochemical properties were used to
relate toxicity and narcotic action. Surface tension’ and boiling points10 were typical
examples. Ferguson'' in 1939 formulated eq(1.3) to generalise these type of

relationships. However these approches were only applicable in a small area of SPR s.

log 1/Ci=mlog Ai + K (1.3)

In the above equation Ci represents concentration of the ith member of a series to
produce a defined response, Ai is a physicochemical parameter such as solubility,
surface tension, partition coefficient, vapour pressure etc., and K and m are constants for

a particular series.

1.2.2 Linear Free Energy Relationships

Several types of chemical SPR developed from physical organic chemistry, where
physicochemical parameters were related to reactivity. The contribution made by
Hammett'?, was very important. In the 1940's he defined the first substituent
physicochemical parameter o, the Hammett electronic constant. This was an electronic
parameter defining the electronic effect of a given substituent attached to benzene ring
in a meta or para position. Hammett calculated and published these o-constants by

analysing the substituent effect on the acid dissociation of benzoic acid as defined by

eq(1.4);
log Ky-logK, =0 p (1.4)

Where K, is the ionisation constant for benzoic acid in water at 25°C and K, is the
ionisation constant for meta or para substituted benzoic acid in water at 25°C. The p
value is defined as unity for the standard process. Positive values of ¢ represent electron

withdrawal on the benzene ring increasing the favourability of the reaction with respect
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to unsubstituted benzoic acid, (e.g. a nitro group in the para position has a c—constant of
0.78, meta = 0.71), and negative values of ¢ represent electron release to the aromatic
ring decreasing the favourability of the acid dissociation of benzoic acid, thus the &
value for p-methoxy group is -0.27, because electrons are released mesomerically,
however ¢ value for m-methoxy = +0.12, because of the electron withdrawing effect of
the methoxy group when there is no resonance (data from reference '*). The work of
Hammett is an example of a linear free energy relationship, LFER, a term that expresses
it relation to free energy quantities. This is clarified from the relation of equilibrium
constants (K and Gibbs free energy.), eq (1.5). As described later in this work, rate
constants (k) are also related to free energy by eq(1.6) and thus relations involving rate

are also often LFERs.

log K = -(AG2/2.303 RT) (1.5)

In the above equation AG¥? is the standard Gibbs free energy change (kJ mol'l), R, the
gas constant (kJ mol'lK'l) and T is the temperature (in K). In the following equation
relating the rate constant and free energy, & is the Boltzman constant, AG* is the Gibbs
energy of activation and 4 is Planck's constant.

k,T  AG” (1.6)

logh=log =, =~ 303kT

Taft used this type of LFER, to investigate the steric and electronic effects of
substituents. To allow electronic parameters to be defined for aliphatic systems, he
noted the effect of substituent groups on the hydrolysis reaction of esters of the type
XCH,>COOR and defined o*-constants®. To avoid the steric effect and the electronic

(inductive) effect being combined he examined two types of hydrolysis, under acidic
and basic conditions, on the premise that under acidic conditions, only the steric effect

will be involved. Therefore (steric + inductive((basic)) - (steric effect ((acidic)) =

(electronic inductive effect). Thus equation (1.7) was proposed as a definition of c*.
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" = c[(log (ky/ky)p -log (ky/Kn)Al 1.7

Where o™ is the inductive constant (sigma star), k, is the rate constant for hydrolysis of
parent ester, k, is the rate constant for hydrolysis of the X-substituted ester, subscript B
denotes the reaction conducted under basic conditions, subscript A denotes the reaction
conducted under acidic conditions and c is the equation constant (equal to 1 /2.48).

Although 6™ was an expansion on o, its development also introduced a wholly new
type of parameter, ESM, the Taft steric effect parameter. Eg, eq(1.8), accounted for the
steric effect on a reaction rate due to the substitution of hydrogen by a particular

substituent.
Eg =log (ky/kn)A (1.8)

For example as a hydrogen is replaced by progressively larger alkyl groups, Eg becomes
more negative as it measures the decline in reaction rate caused by increasing steric
hindrance. Thus a hydrogen group has Eg=1.24, methyl Eg=0.00, ethyl Eg=-0.07 and
tertiary butyl has a strongly negative Eg = -1.54 B3, Although Eg is an intramolecular

phenomenon it has been shown to be useful as a correlative parameter in biochemical

systems (see section 1.2.3).

1.2.3 The Hansch Multiparametric Approach

Hansch and co-workers working at Pomona College, California changed the face of
correlative relationships. They defined the term QSAR and introduced the era of modern
SPRs with the introduction of the multiparametric approach (1962)®. With the
background of electronic and steric parameters from the chemical arena, they asserted

the importance of hydrophobicity- in drug action. The Meyer and Overton theory was

.By convention the term lipophilicity is often used meaning ‘oil-loving’, (Hibbert, D.B., James, A.M,,
Macmillan Dictionary of Chemistry 1987) and indicates the preference of a molecule for organic
environments over aqueous ones. According to the conventionality of the SPR field, it is regarded that a
lipophilic molecule has a high logP, . In this thesis however this term will be clarified and the more
correct term of hydrophobicity (‘water-hating’) will be adopted to describe the overall partition from
water to organic phases. This is a more correct definition since such a molecule is not able to set-up
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based on partition coefficients determined from olive oil/water systems, but Hansch's
group concentrated on the use of 1-octanol/water partition coefficients, P, where 1-
octanol is phase A and water (or buffer) is phase B in eq(1.2). This was based on
previous suggestions by Meyer and Hemmi'’, who proposed that an alcohol (oleyl
alcohol) was a suitable model for plasma membrane lipids. The Pomona group reasoned
that lipidic substances contain polar functions such as esters in triglyceridesls. Therefore
an aliphatic alcohol such as octanol, would be more analogous to real biological systems
than other solvent-water systems. Moreover other practical advantages have been
pointed out by Hansch”, for example octanol does not absorb in the UV region
associated with unsaturated compounds, and octanol-water partition coefficients are
usually not very temperature dependent.

Hansch's group thus used the logarithm of the octanol-water partition coefficient,
(logP..), as a scale of hydrophobicity. They combined it as a descriptive molecular
parameter with steric and electronic terms in equations correlating biological response,
BR', of the form of eqs(1.9)-(1.11), producing very widely applicable SPRs. The
revolutionary versatility of these equations was the ability to introduce other molecular

parameters to the equation -the concept of multivariate analysis (see Section 1.2.4).

logBR=alogP +bc+c (1.9)
logBR=alogP + bo + cEgtd (1.10)
log BR=a(logP)2+blogP+co+d (1.11)

Equation (1.9) represents the linear form of the equation relating just hydrophobicity
and polarity (electronic factors). Equation (1.10) is an expanded version including Taft's

steric parameterzo. Equation (1.11) is the parabolic form of eq(1.9), where linear

solvent-solute interactions with water thus an organic medium is energetically favoured. (see Dearden,
J.C., Comprehensive Medicinal Chemistry, pp.375, Vol. 4, Pergammon Press, Oxford, 1990.) However
the lipophilic interaction term is reserved to describe the effect of solute size on hydrophobicity (see
Chapter 3)

Note, typically the measured biological response used by Hansch is 1/C, where C is the molar
concentration causing a standard biological response, €.g. LDs, the lethal dose required to kill 50% of the

population. Potency is described by 1/C, since a more potent agent will require a smaller concentration
for activity.

22



relationships do not hold after an optimal value of logP has been reached. The constants
a,b, c, and d are equation coefficients determined by multiple linear regression analysis,
MLRA (discussed later in this Chapter) and uniquely characterise the system.

The Hansch approach quickly became adopted. Apart from the inherent qualities of this
approach, there were two other main reasons. Firstly Hansch and co-workers complied
logP,.. data from the literature and used Collander's” linear correlation, eq(1.12) to
calculate logP,, from a variety of logP types, e.g. pentanol/water, ether/water, 2-
butanone/water etc.”, leading to an extensive body of values which could be easily

used.

log P(solvent) =4a logPoct + b (1 : 12)

Here log P . is the partition coefficient a given solvent/water system and a and b are
the conversion coefficient and intercept respectively as obtained by regression.
The second reason, was the derivation of a new parameter defining hydrophobicity for a

particular substituent group. The hydrophobic substituent constant 7, defined the
223y

>

hydrophobic contribution when a hydrogen atom was replaced by a substituent
of the form of eq(1.13)
T )= 10g8Pgrx) - 108 P ) (1.13)

In this equation m, is the hydrophobic substituent constant for a substituent X, P, is
the octanol-water partition coefficient for a substituted derivative, and P 4, is the
octanol-water partition coefficient for the unsubstituted parent compound.

Clearly the equation is analogous to that of Hammett. A positive value of Hansch's ©t
parameter denotes a substituent that will increase logP,,, relative to hydrogen and hence
is hydrophobic in nature, whilst a negative value will indicate a hydrophilic moiety.
Hansch = values are not additive, especially in substituents having conjugatable lone
pairs (e.g. OH, and NH,). Thus the = values tend to be increased when there are other
electron withdrawing groups in conjugation (decreasing a substituents
polarity/hydrophilicity), and decreased when they are conjugated to electron releasing

groups. Table 1.1 tabulates some typical values of 7 in various solute sets.
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Table 1.1

Typical m, values for various solute sets b,

H ~0.00 0.00 0.00 0.00
CHj 0.56 0.52 0.52 0.49
Cl 0.71 0.78 0.54 0.93
OH -0.67 -0.61 0.11 -0.87
OCH3 -0.02 -0.04 0.18 -0.12

“ Values from Hansch, C. and Leo, A., Substituent Constants for Correlation Analysis in
Chemistry and Biology. John Wiley & Sons New York 1979. ® Note all of the parent
fragments are aromatic, because application of Hansch's © values is more successful
with these compounds.

1.2.4 Molar Refractivity

The flexible multiparametric approach adopted by Hansch allowed the inclusion of other
molecular parameters, such as molecular mass, molar volume and the Hansch © term for
hydrophobicity. Another fundamental parameter, MR, the molar refractivity, was first
suggested by Pauling and Pressman’ who perceived it as a means of evaluating
polarisability of substituents. Hansch and co-workers® applied MR in multiparametric
equations with the understanding that MR described dispersion/polarisability forces.
MR is an additive constitutive property, and is obtained experimentally by the Lorenz-

Lorenz equation, eq(1.14).

MR=@*-1) M (1.14)
m2+2) d
In this equation, n is the refractive index using the sodium D line at 20°C, d is the
density and M is the relative molecular mass. Since the M/d term is an expression of
molar volume, Dearden et al.”® have indicated that MR is mainly related to molar
volume because the refractive index component of eq(1.14) tends to vary less than the

molar volume component.
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1.2.5 Hydrophobic Fragmental Constant

Rekker et al.”’ increased the ease of calculating logP,., values with the introduction of
the hydrophobic fragmental constant (f), a method of calculating logP,, that could be
performed easily, and without the drawbacks of the Hansch m parameter when
calculating aliphatic values. The f constant denoted the hydrophobicity attributable to a

given moiety as described by eq(1.15).

log P(oct) = Zf + kn.cpg (1.15)

Where Xf'is the sum of fvalues (hydrophobicities of constituent parts) and kn.cp is the
calculation correction term (kn-multiple cps-correction factor). Hansch and Leo describe

this methodology to obtain f* values as 'reductionist' 8 because fvalues are obtained by
reducing as many as 1000 log P values to their fragmental parts, and then f value
datasets are solved by regression analysis. Rekker's monograph28 includes further details

of the hydrophobic fragmental system.

1.2.6 Modified Partition Parameters

In 1974 Seiler” scrutinised work by Hansch and Leo 2 in which they correlated data,
using eq(1.12) to obtain log P, values. When applying the equation Hansch and Leo
found it necessary to account for partitioning in hydrocarbon-water solvent systems
(such as heptane-water) separately for H-bond acids and bases. However they did not
need to undertake this separation for octanol-water and other solvents systems in which
the organic phase contained some H-bonding groups (e.g. oleyl alcohol, butanone,
pentanol etc.). For example, the correlation between benzene-water and octanol-water
for a dataset of 52 (including both H-bond acids and bases) compounds was poor (p =
0.81) and the standard deviation (sd) was high (0.55) compared with the good
correlation between 57 compounds in 1-butanol/water and octanol/water (p = 0.99, sd =

0.12).

25



Seiler reiterated the suggestion offered by Hansch and Leo to explain this, that if the H-
bonding were accounted for separately, the hydrophobicity from one solvent to the next
would be about the same and thus the constant a in eq(1.12) would be approximately
equal to unity. Seiler suggested that the missing H-bonding could be accounted for, and

put forward a new parameter, Iy, as a H-bonding constant, eq(1 .16)1.

log Pso]vent + 2]:H = IOg Poct + b (1 1 6)

Where log P,,... is the partition coefficient for a given solvent, e.g. heptane, and Iy
denotes the additive increment to H-bonding for a given molecular moiety, analogous to
Hansch's T value. Typical values of Iy are listed in Table 1.2. Seiler also defined AlogP,

to be used analogously to logP,,,, for whole molecules by rearranging eq(1.16) to (1.17).
Seiler consolidated hydrocarbon data by the use of Collander’s equation (1.12) to

standardise on the cyclohexane-water partition coefficient in the definition of AlogP.

Alog P= logPoct - lochyclohexa.ne = ZII—I -b (1 '17)

Testa et al’’, have more recently introduced the A parameter, to represent the polar
component of 10gP, ..., €q(1.18). This parameter derivation is based on the assumption
that there are two main interactions involved when a solute partitions into a given phase.
First the solute must form a cavity in the solvent, which is a bond braking, endoergic
process, and then various polar interactions are set-up between solute and solvent, which
is exoergic. (see Section 1.3) Since the endoergic cavity term will be roughly
proportional to the size of the cavity, the Testa model equates this to solute volume, V.
The exoergic interaction term between a solute and a given solvent is then defined by A,

called the polar interactive parameter.

! The equation assumes a=1.0
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Table 1.2
Some values of I,

-COOH,,, aic 2.88
~COOH,ppatic 2.87
'OHaromatic 2.60
'OHaliphatic 1.82
'NHZaliphatic 1.33
'NHZaromatic 1.18
-CN 0.23

-O- 0.11

“From Seiler, P., Eur.J. Med.Chem-Chim.Ther., 1974, 9, 5, 473

log P(solvent) = aV+bA(solvem) (1 . 1 8)

One of the main reasons given by Testa et al. % for the need and introduction of this A
parameter, was the difficulty of obtaining Kamlet® type solute descriptors (see Section.
1.3.2) for large biological molecules for use in biological linear free energy
correlations” .

Other developments regarding parameterisation of physical properties have centred on
the refinement of parameter types. Thus the ground breaking ClogP program had a

profound effect on the SPR field. Some information is provided in section 1.2.7.

¥ Kamlet, Taft and co-workers developed molecular descriptors, describing physicochemical properties of
a molecule. Section 1.3 introduces the cavity model on which these descriptors are founded (see especially
Section 1.3.2).

" Indeed Testa et al. * demonstrated that this parameter was correlated with Kamlet’s descriptors for
dipolarity, H-bond acidity and basicity.
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1.2.7 The Development of the CLOGP Program

Hansch and Leo™ used the concept of a hydrophobic fragmental constant, to initiate a
fragmental method based on concepts of constructualism '8 to calculate logP,.,. Starting

with small fragments such as H, and CHy they attributed the logP,, contribution per

atom, so that atom simple fragment values could be added, thus establishing the
principle of (fragmental) additivity (see Box 1.1). These fragment values for fragments
in various molecular environments were incorporated into a database. This has
subsequently grown into a powerful analytical tool - the ClogP program. The program
can predict logP,, for any unknown structure, with good accuracy obtained if fragments
are of a well known structure. Many institutions use this program and its availability has
promoted correlations with logP,., , which has mutually benefited the usage of logP,,

as a correlative model.

1.2.8 Other Steric Parameters

Other refined parameters were defined in attempts to improve on Taft's Es steric

parameter. Charton®' based the steric hindrance effect of a substituent on its increased

Box 1.1

Fragmental logP,, values

i.To obtain the fragment value for a hydrogen atom:
logP,. (Hp) = 0.45

fH)=1/2 logP,, (Hy)=0.225

therefore fragment value for a hydrogen atom f (H)= 0.23

ii. To obtain the fragment value for a methyl group either:
f(CH3)=logP,. CHy-f(H)=1.09-0.225=0.865

or

f(CH3)=1/2 logP,, (CoHg) =1/2(1.81)=0.905

therefore average value f (CH3)=0.89
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van de Waals radius over hydrogen as in eq(1.19). In so doing he defined the v

parameter, which avoided any specific reaction and any possible electronic effects found

in Taft's Es.

VX=er'rvH (119)

Where 7 \/x is the minimum van de Waals radius for symmetrical top substituents and

ryy 1s the van de Waals radius for the H-atom.

Charton's v parameter can also be correlated with Es, and this is probably why Es can

rationalise complicated intermolecular biochemical interactions. Verloop et al.>?
introduced five steric parameters based on standard bond angles and bond distances
called the sterimol parameters. Although they are useful in the understanding of the
steric nature of the of a substituent, they have had limited application due to the

increased experimental data required **.

1.2.9 Difficulties with Previous SPR s.

Analysing the catalogue of SPRs conducted over the last three decades, the Hansch
approach has been the focal point of attempts by pharmaceutical and medicinal chemists
to relate biological activity to structure. Perhaps its greatest strengths have been its
conceptual simplicity, the ease of calculating logP,, and the multiparametric approach.
However, although the Hansch equation has been enormously successful in the
correlation and prediction of biological response, it suffers from a number of drawbacks.
Firstly it cannot be easily applied to a wide disparate set of molecules, because in the
form of eqns(1.9-1.11) the Hammett substituent parameter and the Taft steric parameter
are required (which as shown above are dependent, on molecule type.) In these cases
other parameters must be employed. Secondly, the Hansch equation provides limited
information on the factors governing the pharmacodynamics and the mechanism of
biological activity. Quite often, the main factor in the equation is the logP,, term, but
since the detailed factors that influence logP,,, itself are not known, little can be said

about the factors that influence biological activity. Thirdly as discussed above, it has
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long been suggested that biological activity, as well as a multitude of physicochemical
SPRs must depend on a collection of solute factors including polarity, acidity and
basicity. Indeed workers such as Wilbrandt, 33 and Collander and Barlund®* proposed
that plasma membrane lipoidshave cell dependent acidity and basicity, whilst
Collander™ set out in some detail how solvent and solute polarity, acidity, and basicity
affect partition. Yet the Hansch equation contains no explicit terms for solute polarity,
acidity, or basicity, and hence the influence of these important factors cannot be
deduced. If Collander (and many subsequent workers) is correct, then descriptors of H-
bond acidity and basicity could usefully be incorporated into SPRs.

Seiler’s I; descriptor, an attempt to remedy Hansch methodology by inclusion of a H-
bonding term, seems not to prove useful. Thus, since its proposal it has not been used
very much. Similarly the A parameter of Testa, must contain information on dipolarity,
polarisability, H-bond acidity and basicity and has been used by van de Waterbeemd
and Kansy36 in the correlation of blood brain distribution (discussed in Chapter 4), but
its use has not been very widespread. Significantly Testa et al. did not use this parameter
in their important analysis of skin-water penetration/permeation”, so till now the
application demonstrated by van de Waterbeemd and Kansy remains its only use.

Steric and electronic parameters such as Es, ¢ and the sterimol set are, by and large,
useful only in structurally related series. For structurally unrelated series such as those
examined later in this Thesis, they cannot be used. For example, just examining
compounds such as acetone or ethanol reveals that there are no appropriate ¢ values for
these compounds.

It is clear that the primary methodologies of Hansch, Seiler and Testa must all be
capable of improvement in that none contain specific descriptors for H-bond acidity and
basicity. During the 1980’s a new methodology was initiated by Kamlet, based on the
study of solvent solute interactions. From this initial approach, the Abraham linear free
energy relationship (the Abraham solvation equation) has developed and it is this
approach, introduced below, that forms the investigative and predictive technique for

the chemical and biological phenomena studied in this work.
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zero for this process (AG=0), Fig 1.3. In the final interaction stage, the solvent and
solute mutually interact setting up H-bonding (H-bond acids with H-bond bases),
dispersion, dipole-dipole, and dipole-induced dipole interactions. Since these are
mainly bond forming processes between solvent and solute these interactions have a
favourable, negative, Gibbs free energy, and thus are exoergic, liberating energy,
(AG=-ve), Fig 1.4.

In order to quantify the various elements of this model, quantitative descriptors are
required. Given a solvation system where the solvent is constant and the solute changes,
the various interactions will be modelled by solute descriptors, which describe the
physicochemical properties of the solutes. First of all there is a descriptor for the
endoergic cavity effect - the solute volume, since this will approximate to the size of the
cavity. The Vx solute descriptor - the characteristic volume of McGowen' - can be
applied to this (full details of all of the solute descriptors are provided in Section 1.3.2).
Now specific descriptors are required for the interactions that are set-up when the solute
is in the solvent cavity. For the H-bonding interaction, two separate descriptors are
required, one for solute H-bond acidity (to interact with solvent H-bond bases) and
another for solute H-bond basicity (to interact with solvent H-bond acids). These are
done by the Abraham H-bond acidity and H-bond basicity descriptors b ZaHz and EBHZ
respectively. Two descriptors are also required for dipole-dipole and dipole-induced
dipole interactions. However, in practice, it is not possible to separate solute dipolarity
and dipolarisability, and therefore Abraham et al. developed the n, descriptor !
describing the overall dipolarity and polarizability. In an attempt to separate some of the
polarizabilty a solute descriptor was developed by Abraham et al. for the solute excess
molar refraction, R, . The final and important interaction is general dispersion (van de
Waals and London forces). However it is well known that dispersion and volume are
closely linked and it is not simple to separate these interactions (just as dipolarity and
polarizability in the case of n, ). As mentioned earlier (Section 1.2.4), Dearden et al.
have shown that molar refraction (suggested as a measurement of dispersion) was

largely a volume term. Hence no specific dispersion interaction term is required, for
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