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G.M.Bresnen

An investigation of some anomalous partition coefficients

Abstract

A brief discussion of the development of structure-activity work leads
to the contribution made by Hansch and fellow workers, with particular
emphasis on the additive-constitutive nature of the substituent
constant - n. However, it is pointed out that disagreement often
occurs between the calculated and experimental values which questions
the validity of the calculation methods. Two main reasons are suggested
for the occurrence of such anomqlies : inaccuracies in the method of
measurement of the partition coefficient which leads to inaccurate
substituent constant values; and, interactions within the molecule
which affect group contributions to the partition coeeficient and
hence alter the value of the substituent constant.

In order to investigate these theories a group of substituted phenols
was chosen. Chapter 2 describes the selection and preparation of these
compounds.

Various methods of measuring partition coefficients are considered
and an investigation of the most widely used methods is described
in Chapter 4.

Methods of partition coefficient calculation are described in Chapter 5
and are used to calculate the partition coefficients of the study
compounds. The results of the investigation in Chapter 4 are used

to select a method for measuring the partition coefficients of the
study compounds and the two sets of results are compared.

The importance of the choice of solvent phases is emphasised in
Chapter 3 which gives the reasons for the choice of the octanol/
water partitioning system. This work highlights the necessity of
ensuring both phases are mutually saturated prior to partitioning.

Ultraviolet and infrared spectroscopy, computer graphics and the
thermodynamics of partitioning are used to illustrate the interactions
within the molecule which affect its partitioning behaviour. Intra-
molecular hydrogen bonding and steric effects give rise to partition
anomalies and it is shown that the 'ortho' effect must be considered
since it is the proximity of substituent groups which leads to many
anomalies.

Finally, it is suggested that partition coefficient may not be the
ideal parameter to use in correlations with biological activity.

The rate of transfer is suggested as an alternative, but correlation
of neither the forward nor the reverse rate constants with biological
activity of a group of substituted hydroxyacetanilides improved upon
the correlation with Log P.



SUMMARY

A brief discussion of the development of structure-activity
work leads to the contribution made by Hansch and fellow
workers, with particular emphasis on the additive-
constitutive nature of the substituent constant - w. Use
of this concept allows the calculation of partition
coefficients, thus eliminating the need for experimental
measurement. However, 1t 1is pointed out that disagreement
often occurs between the calculated and experimental values
which questions the validity of the calculation methods.
Two main reasons are suggeéted for the occurrence of such
anomalies : inaccuracies in the method of measurement of
the partition coefficient which leads to inaccurate
substituent constant values; and, 1lnteractions within the
molecule which affect group contributions to the

partition coefficient and hence alter the value of the

substituent constant.

In order to investigate these theories a group of
substituted phenols was chosen. Chapter 2 describes the

selection and preparation of these compounds.

Various methods of measuring partition coefficients are
considered and an investigation of the most widely used

methods is described in Chapter 4.

Methods of partition coefficient calculation are described
in Chapter 5 and are used to calculate the partition
coefficients of the study compounds. The results of the

investigation in Chapter 4 are used to select a method




for measuring the partition coefficients of the study

compounds and the two sets of results are compared.

The importance of the choice of solvent phases is emphasised
in Chapter 3 which gives the reasons for the choice of the
octanol/water partitioning system. This work highlights

the necessity of ensuring both phases are mutually saturated

prior to partitioning.

Ultraviolet and infrared spectroscoy, computer graphics

and the thermodynamics of partitioning are used to
illustrate the interactions within the molecule which
affect its partitioning behaviour. Intramolecular hydrogen
bonding and steric effects give rise to partition anomalies
and it is shown that the 'ortho! effect must be considered
since it is the proximity of substituent groups which leads

to many anomalies.

Finally, it is suggested that partition coefficient may not
be the ideal parameter to use in correlations with biological
activity. The rate of transfer is suggested as an
alternative, but correlation of neither the forward or the
reverse rate constants with biological activity of a group

of substituted hydroxyacetanilides improved upon the

correlation with Log P.

No single conclusion was reached and a conclusion chapter
has not been included. This decision is based upon the
fact that a whole set of conclusions may be reached which

are discussed in the last four chapters.
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CHAPTER ONE _

INTRODUCTION

For many centuries man has utilised chemical agents in the
treatment of specific diseases. About the year 1500,
Carpensis employed mercury compounds in the treatment of
syphilis, and Cinchona bark (quinine) was used to combat
malaria in the middle of the 17th century. Of course, none
of these early medicaments resulted from organised research
but were the end-products of years of empirical testing.
Then, in 1868, Crum-Brown and Fraser (86 ) discovered a
relationship between the structure and properties of
curariform neuromuscular relaxants and their biological
effects. They found that quarternization of such drugs as
morphine, codeine, thebaine and strychnine, having widely
differing actions, resulted in the compounds acquiring
curariform activity. From this observation they inferred

that the physiological activity of a drug must be intimately

related to its structure.

This discovery led to attempts to rationalise drug design
which have continued to the present day. Indeed, today it
is more important than ever that reliable methods for
predicting drug structure and activity are available since
costs of. drug development .continue to increase. The
traditional method of synthesising hundreds of analogues
and testing each one for potency and toxicity is no longer

economically viable since the percentage reaching the



clinical testing stage is minute.

Many factors are involved in drug design, including the form
in which the drug 1s presented to the body and the
pharmacology of the drug itself. This latter feature is
concerned with the action and mechanism of action due to

an interaction between the drug molecule and the molecules
constituting the biological object. Thus the chemical
structure of the drug is importantd to its activity. The
term chemical structure however does not simply mean the
structural formula, but the complex of spatial arrangements
of, and interrelations between, the atoms in the molecules
which presents information on the possible conformations
and energetic priorities in these conformations as well as

the inherent charge distribution and mobility of these

charges in the molecule. In the effort to interpret the

structure-activity relationship, two main approaches have

evolved: -

1. The group or molety approach, which places emphasis on
the significance of ceratin chemical groups in the drug
molecule for the action. (9)

2. The integral approach, which considers the drug molecule
as a whole, and is particularly concerned with overall
physicochemical properties such as lipid/water solubility,

polarity and charge distribution. (177)

In the second approach emphasis is also placed on group

characteristics within the molecule as is evident from the
use of substituent constants (measures of the contributions
of épecific chemical groups to particular physico-chemical

parameters of a compound). (173)

2



These approaches form the basis of modern drug design but
the original theories were postulated as far back as 1899
by Meyer and Overton (286,306-308), who both found that the
narcotic action of many structurally diverse compounds
could be related to their partition coefficients between

a lipoidal phase, such as chloroform, and an aqueous phase.
Within the limits imposed by the system, it was found that
the higher the partition coefficient the greater the
narcotic activity, until lipid solubility became so high
that the substance was virtually insoluble in water and
activity decreased. This relationship was taken to indicate
that biological membranes have properties in common with
the organic solvent used in the partition coefficient
measurements. Thus partition coefficlient is a model for
certain of the rate constants or equilibria which affect

the drug in the biological systen.

Ferguson (128) attempted to explain this by assuming that
the biological effect (B) of each of a series of non-specific
drugs on a given organism was proportional to the thermo-

dynamic activity (a) of a drug at the site of action;
B = ka

where k is a constant for the class of non-specific drugs

for the organisms under test. He cancluded that since these
drugé could diffuse from the external medium into the cell

to the site of action, each drug would be in equilibrium in
all these phases; "the thermodynamic activity of a drug

would therefore have the same value, a, in all these regions.

Ferguson also proposed a general relationship of biological



activity to the logarithm of the partition coefficient; this
is known as Ferguson's Principle and is described fully by

Albert.(5)

Thus, Ferguson implied that non-specific drugs present in
the same proportional saturation, in a given medium, have
the same biological effect on a given organism. Since

the medium is usually aqueous, this can be interpreted as
indicating that potency is proportional to solubility in
water. Unfortunately, Ferguson's theory was rather mis-
leading since it attributed biological response not to
specific structural features of the drug, but merely to its
presence in the nonaqueous biological (receptor) phase.

In fact several types of weak interaction usually occur in
concert between a drug and its receptor and these are a
source of specificity since 1f only one type of interaction
is varied within a structural series its importance can be
recognised. Accordingly, the relative potency of
analogues may depend on their lipophilicity but the total
strength of the drug - receptor interaction may be due to

electrostatic, charge transfer and hydrogen bonds as well.

Collander (76) suggested the existence of a linear
relationship between the logarithms of the partition

coefficients of substances between two pairs of solvents.
Log P, = a Log P, + b

so that, if the drug was also thought of as partitioning
between lipid and water, phases in the biological situation,

information could be inferred about that process from the



situation between an organic solvent and water.

Whilst these avenues were being pursued, other groups were
concentrating on the very specific interactions between a

drug and its receptor, where very small structural changes
could result in large differences in biological effect.

As early as 1914, Dale (87 ) had recognised the ability of
acetylcholine to reproduce responses to stimulation of
parasympathetic nerves. This led to Dale et al ( 88)
discovering that acetylcholine is the substance transmitting
the nerve impulse between nerve and muscle. Barlow and Ing
in 1948 (23 ) continued work into specific structure-
activity relationships of quarternary ammonium compounds
concerned in ganglionic and neuromuscular stimulation and
blockade. They considered factors such as the electrostatic
bonding between the charged nitrogen atom and proposed
anionic receptor site, steric factors, and the influence
through the secondary van der Waal's and- London dispersion
forces provided by larger aromatic groupings. This led to
much valuable information about the nature of the acetyl-
choline receptor, but the usefulness of the technique was
limited since it required knowledge of -the mechanism of the
drug's response. However, more recently, the application
of quantum mechanical techniques to the elucidation of
receptor structure and conformation has been introduced

with some success. The calculation of various parameters

such as electron densities, bond angles and lengths for

active drugs ylields similar information about the receptor

as the technique of Barlow and Ing.



Thus, for many years it has been observed that knowledge

of physical properties of a drug can be used to predict its
activity. However, it is not sufficient to concentrate
simply on its behaviour at the final receptor site, even

assuming this 1s known. It is also necessary to consider

other factors as illustrated in Figure.l.

Figure 1

IIT
1) ( - ) (Tv)
|DISTRIBUTIONI
biologica; concentration -
ABSORPTION=vailability METABOLISM —————————————%=-NRUG-RECEPTOR
INTERACTION

active compounc
EXCRETION

pharmaceutical stimulus
availability

MOLECULAR DISPERSION

EFFECTUATION

SOLUBILISATION @ v RESPONSE

drug product

I. Drug is applied in its dosage form which makes the

active compound available for absorption.

II. Absorption of drug resulting in biological activity.



ITT. Distribution, metabolic conversion and/excretion of

drug. - These, together with phases I and II determine

the concentration of drug in its active form reached

in the target tissue.

IV. Induction of stimulus often based on interaction of the
drug molecules with specific sites of action or
receptors in the target tissue.

V. The stimulus induced, finally leading, via a sequence of
biochemical processes to the response. The relation-

ship between the stimulus and the response is

independent of the properties of the drug molecule.

The complexity of these processes proved rather daunting
and 1t was realised that a semi-empirical method of analysis
was needed which did not require too extensive a knowledge

of the biochemical processes involved.

However, although the importance of hydrophobicity to
biological activity was understood, it was not until the
1960's that many of the problems were solved. TFirstly,
there was no agreement as to which organic solvent should

be used as a model for biological partitioning. Secondly,
little attention had been paid to the prediction of partition
coefficients from structure. Thirdly, the applicability

of statistical methods to the problem was not recognised.

Fourthly, high-speed computers were not generally available.

Also in the 1930's, a diffferent path was being followed by
a group of physical-organic chemists who provided the
theoretical and practical basis of the extrathermodynamic

approach which is one of the methods in use in modern drug



design. These chemists, the most famous of whom was Hammett,
studied the structure-activity relationships of the effect

of sterically remote substituents on the equilibrium or rate
constants of organic reactions. (165). Substituent effects

in such reactions are electronic in nature; that is, they

are due to changes in the electrostatic forces at the reaction
centre. Electronic or polar effects are further subdivided

into inductive-field and resonance effects.

The electronic or Hammett constant o (sigma) is defined as

follows: -~
pg = logKX -'logKH
p = series constant
KH = ionization constant for benzoic acid at 25°C
KX = ionization constant for a meta or para derivative under

the same experimental condlitions

This equation is known as the Hammett equation. Positive
values of ¢ represent electron withdrawal by the substituent
from the aromatic ring (04-N02= 0.78); negative ¢ values
indicate electron release to the ring (OA-OMe = -0.27).

K may'be either a rate or equilibrium constant for a reaction

at a centre normally insulated from resonance interaction

with the aromatic ring.
o (rho) is a proportionality constant which is characteristic

of the sensitivity of the reaction to electronic effects,

defined as 1.0 when measurements are made in water at 2500.

In effect, the Hammett equation states that the electronic
effect of substitiuents on the ionization of benzoic acids
can be used as a model for the effect of substituents on

other reaction centres attached to aromatic systems.

8



The Hammett equation does not hold in general for ortho

substituents that exert a steric effect on the reaction centre
but Charton (67 ) compiled a collection of o values for

ortho substituents and Fujita (146) developed a general

approach for dealing with the electronic effects of ortho

substituents.

Sigma constants are position dependent; that is, ¢ for a

given substituent in the meta position (om) is different

from that in the para position (cp).

Properties correlated by sigma constants are described as
additive and constitutive. Additive means that multiple
substituents exert an influence equal to the sum of the
individual constitiuents. Constitutive means that the effect
of a substituent may differ depending on the molecule fo
which it is attached or its environment, hence the different

sigma values for a substituent in the meta or para position.

A relationship such as the Hammett equation is reffered to
as a Linear Free Energy Relationship (LFER) and is a
specific example of an 'Extrathermodynamic Relationship’.
These relationships are extrathermodynamic because although
the relationships between the reactions are stated in
thermodynamic terms (AG or logP values) there is no

thermodyna¢ic principle which says that these relationships

should be true.

The modern application of this method to the study of

chemical or biological properties of molecules uses
statistical procedures, particularly regression analysils,

to describe the observed relationship. Thus, two synonyms

9



for the method are regression and correlation analysis.

The Hammett relationship provides a quantitative equation
which allows the comparison of the relative sensitivity of
reactions to electronic or polar effects, or conversely,

a method to examine the relative electronic effect of

different substituents.

Although the original Hammett equation is valid only where
polar effects are concerned, and breaks down when ortho
substituents are involved, many adaptations of the basic
equation have been formulated to diversify its applications.
For example, many meta and para substituents with large
resonance contributions such as the nitro- group, having a
-M effect and amino with a +M effect R10) deviate markedly
from the usual equation and these cases have been

rationalised by the introduction of the o’ constant by Brown

and Okamoto ( 40 ) and o by Jaffe (212). In view of the
complications arising for both ortho substituents and
aliphatic systems. where both steric and polar effects may
coexist, little progress was made until Taft (353)

3

introduced the polar substituent constant ¢ and devised s

procedure for separating polar, steric and resonance effects

based on the analysis of the rate coefficients of basic and
acidic hydrolysis of esters. This apprpoach becane known as

Taft Analysis (355).

Taft followed a suggestion by Ingold and defined the steric

effect of a substituent, Es’ as: -

E_ = log [K)(] -
K. ) A
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where K refers to the rate constant for the acid hydrolysis

(denoted by A) of esters of type:-

X-—CHZCOOR

Unfortunately, variations of this structure cannot be used
to obtain ES values for many common substituents that are

unstable under the conditions of acid hydrolysis (e.g. when
= NO

X -CH CN,halogen,OR,etc.). Charton (64 ) opened up a

2 2’

route to ES values for such groups when he showed that ES 1s
related to the van der Waals radii of substituents. Kutter

and Hansch (398 ) used this finding to formulate ES values

for many other substituents.

The various forms of Es and Charton's steric parameter, v,
were developed with the idea of rationalising intramolecular
proximity effects of substituents on a reaction centre.
Since Charton showed the close relationship between Es and
van der Waals radii it was not surprising that Es could be
employed to rationalise intermolecular steric effects

occurring between ligands reacting with macromolecules.

The steric influence of substituents in the interaction of
organic compounds with macromolecules or drug receptors is
much more complicated than the steric effects in simple

homogenous organic reactions for which ES was designed.

Thus, more complex procedures are needed for such interactions.

This formed the basis of one aspect of modern investigation.
Verloop et al (372 ) undertook a multiparameter approach to
steric interactions of this type which could lead to more

detailed analysis. They selected five dimensions for each
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substituent and developed a computer programme using van der
Waals radii, standard bond angles and lengths, and 'reasonable'

conformations to define the space requirements of a

substituent.

The five dimensions are labelled: L,Bl,Bz,B3 and B4 as shown

in Figures 2 and 3.

The length parameter, L, is defined as the length of the
substituent along the axis of the bond between the first
atom of the substituent and the parent molecule. The four
width parameters, Bl_BA’ are determined by the distance at
their maximum point perpendicular to this attachment bond
axis and each other. B, is the smallest and B4 the largest
width. In effect, these parameters define a box around the

substituent. (R73)

To make a statistically justified study of these parameters
in a biochemical system, five steric parameters would be
needed for substituents for each position substituted on the
parent structure. Since a reaction is rarely dependent
solely on steric factors, ﬂ,MR,OI and Op must also be
considered at each position when developing a structure

activity relationship. Thus the analysis of a single

compound can be complex and much detailed work is necessary

to apply this method to experimental data which limits its

usefulness for QSAR studies.

Generally the Hammett and the Taft extrathermodynamic

relationships may be studied by use of the statistical

technique of regression analysis (least squares fit). Using

this method the best fit of the data to the equation 1s

12
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calculated, and additionally, the statistical significance
of the overall relationship, the significance of the
contribution of each term in the equation, and the precision

with which the calculated values approximate the observed

are evaluated.

An important criterion of the usefulness of a regression
equation is the R2 statistic. R2 equals the fraction of the
variation in the dependent property (e.g. potency in drug
work) which is accounted for by the stated relationship.

For example, 1f the correlation between potency and log P
has an R2 of 0.95, 95% of the variation in potency is
explained by variation in log P. The second criterion is
the standard error of estimate, S, which is a measure of

how closely the observed values are approximated by the

theoretical relationship. The smaller is S, the closer the

fit.

Early studies in QSAR attempted to correlate the effect of
substituents on the biological properties of molecules with
the substituent constants formulated by Hammett and Taft,

but no real advance was made until two additional important

steps were taken.

Hansch et al (169) searched for another physical property
which would be more relevant and realised the significance
of the partition coefficient as a measure of hydrophobicity.
However, prior to this Hansch had already done much in the
QSAR field. Hansch and Muir (167) had investigated the

action of a variety of acids with very different structures,

which had been found to cause elongation of cell sections

14



when these were placed in baths containing the various
chemicals. They had found that an aromatic ring was
essential for such activity and electro-negative substituents
increased activity. With this in mind they formulated a

model to describe how a drug reached its site of action.

They postulated that observed biological activity was a
function of both the rate of transport of the drug to its
active site and rate of attachment to the receptor. With
respect to the transport function it was assumed that, in
order to reach the site in question, the drug must pass
through a series of membranes and aqueous compariments, 1its
passage through these various compartments being described

as a 'random walk' process.

Random Walk

‘k
Extracellular | i[_h —s- Receptor
phase ’ ,
<ty
' — Response
Figure 4. The Random Walk
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It was also felt that the actual transfer from an aqueous
phase to a largely lipid membrane could be thought of as
a partitioning process which could be modelled using water

and octanol as a model of the lipid. This was an extension
of the Meyer-Overton theory, which had till then been
applied only to very non-specific reactions. As stated
earlier, Collander's work in 1951 suggested the existence
of a linear relationship between the logarithms of the
partition coefficients of a substance between two pairs of

solvents: -

log P, = a lOgP2 + b

1

From this work, Hansch drew support for the theory that
partition coefficients from the octanol/water system should
be linearly related to partitioning in the biological model.
Thus transport rate could be thought of as depending on

partition coefficient. 1.e.

Transport rate = £ (P)

Since the partition coefficient is a free energy-related
quantity, a Hammett-type equation may be generated. It was
also possible to relate the transport rate to a new
substituent constant, m, which had been postulated by Hansch

and was defined by Fujita et al (1l44) as:-

m - log P

v = log P

X YH

where Ty is the hydrophobic substituent constant for any
substituent X, logP refers to the logarithm of the octanol/

water partition coefficient and Y is any appropriate

parent structure.
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Since m is related to logP, it may be substituted for logP
to give a comparative rather than a specific variable within

a congeneric series. Thus:-
log(Transport rate) = f'log(m)

The rate of attachment to the receptor site was assumed %o
be a function of electron density and this was expressed

in terms of the Hammett equation:-
log(rate of attachment) = po
Thus a total equation can be formulated:-

log(biologiecal activity) = log(rate of transport)
+
log(rate of attachment)
= fllog(m) + po + K

where K 1s a constant.

Thus the significance of the partition coefficient was
reglised and the madel used to describe the random walk

process could be applied to other biological situations.

The Hansch group also demonstrated that log P is an additive-
constitutive property (211). Hence, the change in log P
brought about by substitution is characteristic of the
substituent and is reasonably predictable. It had in fact
been known for years (127) that each successive addition of

a methylene group into a molecule increases log P by a

fairly constant amount, but no one prior ‘to Hansch (169)

had emphasised the utility and generality of this

observation for quantitative structure-activity studies.
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The solvent system octanol/water was chosen for partition
studies since octanol was presumed to be more like a
biological membrane than an almost nonpolar solvent such as
chloroform. Thus, log P refers to the partition coefficient
of the neutral form of the compound between octanol and

water, unless otherwise stated.

The concept and definition of m meant that it was not
necessary to measure the partition coefficient of every

molecule because a reasonable estimate of it could be

calculated.

At this time it was known that a substituent produces three

different major changes in the physical properties of a
molecule: electronic, steric and hydrophobic. The effect
of the substituents on the biological properties of a
molecule was thus postulated by Hansch et al (169) to be
the result of the change of some or all of these physical
properties. It was further assumed that the electronic,

steric and hydrophobic influences of substituents on potency
(symbolised by 1/C) are independently additive. Thus, the

linear form of the Hansch equation was proposed.

log 1 = a logP + Db Es + po + d
C

Multiple regression analysis can again be used to fit this
equation, which can be seen to be very similar to the

equation suggested by the Random Walk process.

However, it was soon observed that many series do not follow

a linear relationship between potency and log P, but rather,

the relationship is linear and positive at relatively 1OV
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log P, then potency reaches a maximum, from which it
gradually decreases with further increases in log P. This
can be described by a parabolic relationship, giving the

equation: -

log_J_._=alogP-blogP2+cES+po+d

C
This proposal has since been confirmed by many experimental
findings, including work by Hansch and Clayton (183) in 1973.
However, 1t was still felt that a linear relationship would
be observed where only one partition step was involved, such
as in the case of enzyme binding, or where drug action was
occurring on the outside of a cell membrane, since the drug
or substrate would probably have to pass through only one

agueous and one lipid-like phase.

A further approach to quantitative structure-activity
relationships which was postulated at thizs time is that of
Free and Wilson (139), known as the de-novo or Free-Wilson
approach. This method is based on a statistical (multiple
regression) statement of a typical unstated assumption of
drug analogue design: that within a series of related
compounds modified at more than one position, the effect
of a particular substituent at a specific position 1is
independent of the effect of the subétituents at the other

positions. For example, consider the hypothetical compound

I

CHOHCH,R,

AL
R R
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If, in one pair of analogues for which Rl-R4 are constant
and R5 is chloro or methyl, the methyl compound is one-tenth
as potent as the chloro analogue, the Free-Wilson method
assumes that every R5 methyl analogue will be one~tenth as
potent as the corresponding chloro analogue. A requirement
for the application of the method is thus a series of
compounds which have changes at more than one position. In
addition, each type of substituent must occur more than once

at each position in which it is found.

The result of the application of the Free-Wilson method is

a table of the contribution to potency of each substituent

at each position. It is not necessary to calculate

physical properties for the compounds and the solution
provides no information as to the relevance of model reactions
to potency. This method is related to the extrathermodynamic
method (83 ) particularly if the free energy relationships

are linear or position specific. (300)

Since the development of these methods for investigating
structure-activity relationships, research in this field
has not remained static and many new methods have been
evolved, particularly methods utilising statistical
procedures and thus the capabilities of modern computers.

Some of these methods are described below.

One of the most important of the modern methods is that of

molecular connectivity suggested by Kier and Hall (162)

This is a method for the quantitation of molecular structure
that encodes information about size, branching, cyclization

unsaturation and heteroatom content.(224). It was developed
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in several stages, beginning with an alkane branching index
proposed by Randic (319), a treatment of unsaturation (224),

a development of extended bond quantitation (224) and finally,
a rational way of quantifying heteroatom content (224). The
treatment of heteroatoms, introduced by Kier and Hall (161)
and called valence molecular-connectivity, brought molecular
connectivity into the role of a structure quantitation

method useful in structure-activity analyses of drug molecules.

The simple molecular connectivity index arises from the
assignment of numerical adjacency values to each atom other
than hydrogen (the molecular skeleton) in a molecule. These
values, called 0 values, are cardinal numbers enumerating

the presence of non-hydrogenic-bonded neighbours irrespective
of what the element is or what multiplicity of bonding is
present. The assignment of ¢ values for 2,4-dimethylpentane

is shown in Figure 5.

C}ts )CHH
CH—CH,—CH
/ \
CH, CH,

Figure 5. The Assignment of & Values for 2,4-dimethylpentane

The molecule is dissected into bonds, each described by two

§ values. A term for each bond (Cij) is calculated

according to:-
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These terms are summed over the entire molecule to give the

simple molecular connectivity index (chi) of the first

order ('y)

_ -3 _

This value may be useful in predicting size and shape of a
molecule, but to include structural differences, Kier and
Hall considered the count of the valence electrons
participating in sigma, pl and lone-pair orbitals on each
atom, exclusive of bonds to hydrogen. This gave a valence
molecular connectivity index ('xv) which can give

information on both volume and electronic character. Further
extension of molecular connectivity index values have shown
the method to be capable of describing structure-activity
relationships and it has emerged as a valuable new method in

drug design.

Discriminant analysis is a further technique employed in
drug design which is used to calculate that combination of
predictor variables which best distinguish members of pre-
established groups. In drug design studies, for example,
the weighting and statistical significance of various
physical properties which might distinguish active from

inactive analogues can be examined.

It is a useful extension to regression analysis because it
allows the inclusion of inactive compounds in the analysis
and nonquantitative daté of other types can be analysed.
It is closely related to regression analysis in that in
discriminant analysis the function minimised is the sum of

the squared deviations of observations from their respective
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group means while the sum of squares from the opposite group
is maximised; in regression analysis the function minimised

1is the sum of the squared deviations of observations from

a line.

Cluster analysis is used to study the relationships between
observations which have associated with them a number of
properties. Primarily two types of questions are answered

by a cluster analysis: "Which of these observations are

similar to each other?" and "How many different groups does
this data represent?". For example, cluster analysis was

used to study a large set of substituents to establish which
subsets of the total were similar in physical properties (184).
If one wished to synthesize a series of compounds with the
maximum variation in the minimum number of examples, then

one member from each subset (cluster) would be chosen.

Two principle measures are used for the distance between
multimembered clusters. The first, named nearest neighbour,
considers the distance between clusters to be the distance
between the two closest members of different clusters. The
second, or centroid method, considers the distance between
clusters to be the distance between the centres of the
clusters. For either method one may calculate the distances

in terms of the units of the original measurements, or first

weight the data.

The clustering calculation may either start from one cluster
per observation and progressively coalesce clusters to form
fewer and fewer, or it may start with all of the observations
as one large cluster and progressively form more and more

clusters. The former method is agglomerative, the latter
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divisive. If in successive steps the decisions (amalgamations
or divisions) made in previous steps are not changed, then

the method is hierarchical.

Pattern recognition is the name given to a collection of
computer-based methods used for detecting previously unknown
relationships (patterns) within large masses of multivariate
data. It 1s done without making assumptions about the
underlying statistics of the data. Although certain of the
methods of calculation resemble regression, principle
component, factof, discriminant or cluster analysis, in
concept pattern recognition is much broader. Because of the
lack of assumptions with respect to the distribution of the
data, probability estimates are not made and statistical

tests are not applied to the results of calculations.

Pattern recognition methods may be used in a manner similar

to cluster analysis in which case the goal of the calculations
is to examine the distance or relatedness between
observations. This is unsupervised learning. In contrast,
with supervised learning the value of the dependent

variable is specified and attempts are made to discover

which function of the other properties (features) best
predicts the dependent variable. Hence supervised learning

is analogous in objective to regression or discriminant
analysis. The distances, the function to be maximised or

minimised, may be calculated by the least squares or

analogous procedure, or by the nearest neighbour method;

variables may be in the original units, weighted, transformed

or standardised.
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An important part of pattern recognition is the development
of methods for the display of multidimensional relationships
in two dimensions. A number of methods have been described
by Kowalski and Bender (242). The eigenvector or principle
components analysis 1s an especially useful summary of data
for plotting. The eigenvector calculation creates new
variables which are a linear combination of the original
ones. Usually the first two or three principle components
contain most of the variance. Hence a plot of Al Vs A2 can
give an indication of clustering and/or independence of

observations in a data set.

To date, the biological structure-activity studies which

have applied pattern recognition methods have not used the
classic extrathermodynamic physical properties such as logP
etec. but rather have used structural features such as the
presence or absence of a certain group, number of a certain
type of atom, or mass spectral fragmentation pattern (243, 360)
Thus it is not possible to compare pattern recognition to

the classic statistical methods. However, since the methods
have the potential of reducing a large amount of redundant

and noisy information they will continue to be of use in QSAR.

These examples indicate the variety of different approaches
which are being used in the study of structure-activity
relationships, but despite the introduction of new msthods
the extrathermodynamic methods are still the most powerful.

The strengths and weaknesses of this method can be

summarised:

Strengths

l. It is based on the assumption of an analogy between the
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interactions between small molecules and those between a small
and a large molecule. For example, it is assumed that the
interaction of compound A with a proton in water is parallel
to the interaction of the same compound A with an
electrophilic site in a cell. Similarly it is assumed that
the octanol-water partition coefficient of compound A
parallels the partitioning of A between a lipophilic
biological substance and the surrounding aqueous
environment. The importance of this is that data from simple
model systems can be used to predict behaviour in complex
biological systems, without full understanding of all the
processes 1nvolved in the model.

2. Its predictions are quantitative with statistical
confidance limits, and thus the results for predicted
potency may be evaluated unambiguously. This is not
possible with receptor mapping and rigid analogue techniques
which only suggest that certain compounds should be active.
3. It is relatively easy and inexpensive po use.

4. The final advantage of the extrathermodynamic approach

in contrast to the de novo method, is that the conclusions
reached have application beyond the substituents included

in the analysis and the particular structure class
calculated. Thus similar physical properties are observed

for series of varying structure but similar mode or site

of action.

Limitations
1. There must be parameter values available for the

substituents in the data set, or the compound may have to

be omitted from the analysis. It is often possible to
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measure the necessary parameter but this can be time

consuming.

2. It 1s necessary to include a large number of compounds

in the analysis to be confident that all possible predictors
have been studied (365)

3. It 1s necessary to have a good understanding of statistics
to obtain the most from the method.

4. The results depend on the parameters used, which may be
the wrong ones. In contrast, the Free-Wilson parameters

are perfect for the system investigated.

5. Models of small molecule interactions with which the drug
actions are correlated are imperfect models for the
biological system. In particular, steric interactions are
very difficult to extrapolate from system to system. With
both steric and electronic effects it is difficult to

decide which 1is the key atom from which substituent effects

should be measured. However, partitioning is easier to
measure and the results seem less ambiguous. Thus the

hydrophobic properties of drug molecules have been pursued

in greater detail.

Hansch analysis, in particular the relationship of partition
coefficient to activity, has therefore been extensively

used in drug design and has proved itself to be an

important and useful method. There have emerged different
methods of measuring log P or related parameters. The

basic Hansch shake flask method will be discussed in greater
detail in Chapter 4, but here, other techniques which have

been investigated will be described for comparison.
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1. Evaluation of Octanol/Water Partition Coefficients by

v ‘

Using High-Performance Liquid Chromatography (299)

This technique extends the shake flask method of measuring
partition coefficients. Normally this method is encumbered
by the difficulties 1n measuring solute concentration in
both phases accurately, but the use of HPLC allows more
accurate analysis. Solutes are equilibrated between the

two phases by the shake flask approach. An internal
reference having an accurately known partition coefficient,
which is similar to that of the compound under investigation,
is added to the system. Samples of both phases are
chromatographed by HPLC. The area ratios for the solute and
internal reference in both phases are measured and used
together with the known partition coefficient of the solute
in question. The technique is rapid and has the advantages
that small samples suffice, the substances need not be pure

and the exact volumes of the phases need not be known.

The partition coefficient of the solute of interest, Ps’ 18

calculated from the relationship:

PS = P_(As,0/Ar,0)

(As,w/Ar,w) t

where Pr is the l-octanol/water partition coefficient of
the internal reference, As,o and As,w are the peak areas of
the solute from the l-octanol and aqueous phases and Ar,o

and Ar,w are the respective peak areas of the internal

reference.

The accuracy of the method depends greatly on choosing the

proper internal reference, which should meet the following
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requirements:

a. Its partition coefficient should be known accurately.

b. It should have a High absorbance at the same wavelength
where the elution of the substance under investigation is
monitored-to give an appropriate peak with photometric
detectors even at low concentrations.

c. Its chromatographic retention should be similar to that
of the compound investigated, yet it should be completely
resolved from the solute of interest and its contaminants.
d. It should not contain lonogenic groups, so that its
partition coefficient is independent of the pH of the aqueous
phase.

e. It should not be subject to secondary chemical equilibria

which would result in concentration-dependent partition

coefficients.

f. It should be readily available in pure form, or at least

should not contailn interfering impurities.

The solute of interest and the internal reference do not
however have to be pure for this method as chromatographic
conditions can be adjusted to separate impurities from the
two eluates of interest. Also the introduction of an
internal reference and an analysis of both phases eliminates

the need to know the exact volume of each phase,. the

extinction coefficilients of the solutes and the size of the

injection volume of the sample.

This method would also be of use for extending the
calculation methods of log P values to complex molecules,

since many of these compounds are not available in pure form

or in large quantities.
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2. Use of Reversed Phase HPLC to Measure Partition Coefficients
and to Predict Biological Activity
The traditional method for determining octanol/water
partition coefficients by shaking, followed by analysis
of the equilibrium concentration of solute in each phase
is tedious to perform and requires the compound to be in a
high state of purity. It has been demonstrated that k'
values of solutes in reversed phase HPLC can be correlated
with their octanol/water partition coefficients as well as
directly with their biological activity. An advantage of
this approach (shared by the related reversed phase TLC
method) is that solute purity is less critical than with the
traditional method. In a typical reversed phase system
using an octadecyl-silica column and a methanol/water

eluent, the more hydrophobic a solute, the longer it will

be retained.

Martin ( 274) deduced on theoretical grounds that for plate

or paper chromatography:
log P = log K + Rnm

where P is the partition coefficient, K is a constant for

the system and Rm is the log of (1/Rf) - 1 where R, is the

retention in the system. In work with HPLC, a compound's

retention is routinely expressed by the term k' which is

defined as:
I = -
k (tR to)/t0

where tR is the elution time of a retained peak and to is

the elution time of an unretained peak. The terms k' and
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(l—Rf) - 1 are analogous. Therefore, for partition between

a stationary and mobile phase:
log P = 1log K + log k'

Thus, for HPLC with a stationary lipid phase and an agueous
mobile phase, k' should be linearly related to a measured

liquid-liquid partition coefficient.

The general method used for measuring partition coefficients
by HPLC is that described by McCall (281). Corasil C-18%
was used as the stationary chromatographic phase. This
hydrolytically stable, reverse phase packing material is a
pellicular silica gel toiwhich octadecyl chains have been
chemically bonded. A silyl ether terminates one end of the
octadecyl chain. This terminus 1s more hydrophilic than

the other which is alkyl and therefore more lipophilic.

This combination of polar and lipid properties is less

extreme than that of octanol.

Corasil C-184 has a low percentage of active silanol sites,
which will interfere with the desired liquid-liquid
partition process and so are blocked by treating the Corasil
C-184 with hexamethyldisilazane (HMDS) and trimethylsilyl
chloride (TMSCl) in hot pyridine. The preferred mobile
phases were 1% triethylamine (TEA) in water and 157% CHBCN

in water. Because of the diverse lipophilicities of
compounds, a single solvent system could not be used for all
members of a series, so a spectrum of solvents was used,
from water for the most hydrophilic analogues to 1% TEA in
water or 1% TEA in 40% methanol-water for the more lipophilic

analogues.
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McCall found that retention (k') values are linearly related
to octanol-water partition values, showing that log P values
can be obtained directly from log k' values. Thus, HPLC on
columns which are packed with vigorously silylated

octadecyl supports and which are eluted with an aqueous
solvent present a useful alternative to the often tedious
octanol/water partition coefficient measurement. The HPLC
technique 1is fast and reproducible, a typical assay time
being 10 minutes. Because of such rapid analysis time,
compounds which are unstable in solution can be assayed.
Because solvent lipophilicity can be rapidly adjusted,
compounds whose partition coefficients vary by several
orders of magnitude can be quickly measured. Samples need
not be pure since contaminants do not interfere with k!
determinations. Finally, because both refractive index and

UV HPLC detectors are available, any compound can be

detected.

The disadvantage of the method described by McCall was that

octadecylsilane is more like an alkane than an alcohol phase.

Therefore, the differential effects of hydrogen bonding

limit use of these procedures.to close analogues.

Hulshoff and Perrin (205) compared reversed-phase HPLC and
TLC procedures and also investigated oleyl alcohol supported
on Porasil C'! as an HPLC procedure to measure the
lipophilicities of a series of benzodiazepines. Mirrlees

et al (289) used l-octanol supported on Hyflo supercel and
compared some of the earlier work on reversed-phase TLC and
HPLC. Henry et al (192) compared various HPLC techniques

such as (-18 Corasil and l-octanol and squalene on Corasil-1ll
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and Porasil A. . These procedures using l-octanol physically
adsorbed on a solid support, would be close to ideal (a
physically bonded 'octanol'-like alcohol with the hydroxyl
end free). However, attempts to obtain a stable baseline

were unsuccesgsful.

However, Unger et al (370) found that a chemically bonded
octadecylsilane support persilated and coated with l-octanol
produced good agreement with partition coefficients obtained
by the shake flask method. OSince l-octanol is very lipophilic
itself (logP=3.15 (189)), it should bond strongly to
octadecylsilane and give a stable column with minimal free
silinol sites. Providing the aqueous mobile phase is
saturated with octanol, a system much like that of the

octanol-aqueous shake flask system should result.

3. Measurement of Partition Coefficient by Reversed-Phase
Thin-Layer Chromatography

In general the compounds are partitioned between a nonpolar
stationary phase and a polar mobile phase. The nonpolar
stationary phase can be obtained by impregnating a silica
gel G layer with a suitable liquid such as a silicone. The
moblle polar phase can be an aqueous buffer, alone or mixed
with various proportions of acetone and saturated with the
stationary phase liquid. The plates are developed by the
ascending technique in a chromatography tank under conditions
of vapour equilibrium. The plates are then dried and the
compounds detected by a suitable method. Boyce and
Millborrow ( 34 ) found that the N-n-alkyltritylamines they
investigated obeyed the Martin (272) equation (p.3Q)

that is, there was a linear relationship between Rm and
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the number of methylene carbon atoms in the side-chain, and
thus the biological activity could be related to Rm values.
Biagi et al (31-3 investigated penicillins and found the Rm

values correlated well with structural variations.

The choice of chromatographic method is a matter of
convenience. No important differences have been found
between paper and thin-layer chromatography except that the
latter was quicker. Vater is a constituent of the cell
membrane and the protoplasm, so its use in one phase of the
model system is obvious, but the lipoidal constitution of
the cell membrane is unknown and the choice of hydrophobic
phase must be somewhat arbitrary. From thermodynamic
considerations, the nature of the non-aqueous phase should
not affect the results qualitatively (74 ) provided there

is no hydrogen bonding.

The scope of the method can be increased by varying the
concentration of acetone in the mobile phase. This allows
more lipophilic or hydrophilic compounds to be investigated
and Soczewinski and Wachtmeister (346) have shown a linear

relationship between Rm and solvent composition.

The advantages of this method over conventional partition

measurements are:-

a. Quicker and less tedious because fewer manipulations are

involved.

b. Up to 25 compounds can be run simultaneously on one plate

so Rm values can be compared directly.
c. The detection of spots by simple nonspecific methods

i.e.by iodine absorption or the use of a fluorescent
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indicator, avoids the need for specific quéntitative
analytical methods.

d. The material need not be pure if the salient spot can be
identified.

e. Very little material is needed for detection.

L. Calculation of Partition Coefficient of an Unstable

Compound Using Kinetic Methods

Many compounds are unstable in solution and are thus not
sulitable for standard methods of partition coefficent
measurement. Thus a method has been described by Byron et
al (59 ) for measuring partition coefficients of unstable
compounds by kinetic methods. A stirred transfer cell
containing equal volumes of light liquid paraffin and an
agueous phase at 37°C was used. Cyclohept-2-enone was
chosen since it is a neutral molecule and therefore should
have a pH-independent oil-water partition coefficient, KD'
Also, this cyclic o,B-unsaturated ketone undergoes hydrogen-
ion-catalyzed hydration but is sufficiently stable at
neutral pH to determine KD. The system chosen represents
first-order transfer between the aqueous (Cl) and organic
(02) phases with simultaneous, reversible, first-order
hydration. The transfer constants, k'12 and k'2l’ were
determined at 37°C in the absence of degradation where
asymptotic values for Cl agreed with the observed equilibrium
values in nonkinetic partitioning studies. The first-order
rate constants for hydration in 0.1N HCl were determined at
37°C in the absence of the organic phase. Partitioning with
simultaneous hydration was then studied using 0.1N HC1l and

light liquid paraffin. Data were analysed by non-linear
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regression based on the equation for Cl as a function of
time. The values for k'l2 and k'21 from these experiments

were comparable to the estimates obtained under stable

conditions.

G
organic
extract o1
klag
k112
aqueous klp
raffinate Clm————"" C
P
kpl

The fact that different methods of measuring log P have been
investigated indicates that the original shake flask method
is not ideal and improvements are possible. This becomes
apparent if the Hansch data base (189) is studied for any
compound in a given solvent system. Tables 1 and 2

give the partition coefficients for compounds studied in
this thesis in the octanol/water system and the cyclohexane/
water system. Simply by looking at the values for phenol

it becomes apparent that there is a wide range. This can

of course be due to a number of factors such as the pH of
measurement, temperature etc., but in many cases it is not

immediately apparent that such factors are responsible.

This was felt to be important since although QSAR methods
have successfully been used to predict biological activity,

examples being erythromycins (274) and thyroxine analogues

(216), there are many groups of compounds whose activities are
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Table 1.

Compound
Phenol

o-Clphenol

m-Clphenol

p-Clphenol

0-NO2 phenol

Log P

1l.48

-0.22

220
1.46

1.48

1.49
1.51

1.51
0.62

2.177
2.15

2.19
2el2

- 2.50

A
2.52

2.35
2.39

2.4tk
2. 40
2.53

1.26
1.79
1.73

1.77
1.79

Conditions of Measurement

37

Noodet%ils

18°C*2°C pH6.8 Phosphate
buffer

Details not given.

Shake flask.Room temp.
pH=Z2

Private communication
Nog known

20°C Acidified with HC1
pH=2

pH=5.6 Min.charge Max.P
Phosphate buffer. Also P
va%ues at other pH's
20°C Acidified with HCL
pH=2

pH=7.4 Phosphate buffer
Not ion-corrected

No details

Shake flask.Room temp.
pH=2

Private communication
NOB known

20°C Acidified with HCL
pH=2

Shake flask.Room temp.
pH=2

Private communication
Not known

Russian journal

Not known ,

No detailils

Shake flask.Room temp.
pH= 2

Private communication
Not known

Russian journal

Not known

pH=5.6 Min.charge Max P
Phosphate buffer. Also P
values at other ph's

18°¢c+2°¢ pH6.8 Phosphate
buffer

Shake flask.Room temp.
pH=2

Private communication
Not known

Tegh.Note Not known

20°C Acidified with HCL

Published LogP Values in the Octanol[Water System

Ref

269
339

356
145

359
232

369

236
209

269
145

359
234

145
359
235
269
145
359
235
369

339
145

359

202
238



Pable 1 cont'd.

Compound Log P Conditions of Measurement  Ref
m-NO, phenol 2.01 No details 269
2.00 ochake flask. Room temp. 145
pH 2
2.00 Private communication 359
Not known
2.00 pH=5.6 Min.charge Max.P 369
Phosphate buffer. Also P
va%ues at other pH's
2.00 20°C Acidified with HCL 238
p-N0,phenol 0.76 18°c+2°C pH6.8 Phosphate 339
buffer
1.91 Shake flask.Room temp. 145
pH=2
1.91 Private communication 359
Not known
1.90 By modified or extended 338
Brandstrom Technique
1.38 pH="7.4 Phosphate buffer 209
Not l1on-corrected
2.08 Nog known 202
1.95 20°C Acidified with HC1 238
2-N0,resorcinol 1.36 PH§6-8 Ion-corrected 339
18°C
1.56 pH=1l.4 Using HC1 301
3-Me-2-NO.phenol
4-Me-2-NO,phenol
5-Me-2-NO,phenol
6-Me-2-NO,phenol
o-Mephenol 1.95 Unpublished analysis 118
Not known
1.97 Unpublished results 142
Nog known
2.04 20°C Acidified with HCL 231
pH=2
m-Mephenol 1.95 No details 269
1.96 Shake flask.Room temp. 145
pH:Q
2.01 Private communication 359
Not known
p-Mephenol 1.95 No details 269
1.9/ Shake flask.Room temp. 145
szz
1.92 Private communication 359
Not known
1.99 pH=5.6 Min.charge.Max P 369

Phosphate buffer
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Table 11 cont'd.

Compound Log P Conditions of Measurement Ref
25 3-Mez2phenol
2, L-Me,phenol 2.30 20°C Acidified with HC1 233
pH=2
2,5-Me,phenol 2.33 20°C Acidified with HC1 233
pH=2
2,6-Mezphenol 2.36 Unpublished analysis 251
Not known
3, ,-Me2phenol 2.23 20°C Acidified with HC1 233
pH=2
3,5-Mesphenol 2.35 Unpublished analysis 251
Nog known
2.31 20°C Acidified with HC1 232
pH=2
2,3,5-Meaphen01
2,4,6-Megphenol
2,3,5,6-Meyphenol
o-OHbenzaldehyde 1.70 Private communication 361
Not known
1.81 pH=5.4 Unpublished analysis 151
1.65 pH=5.6 Min.charge.Max P 369
Phosphate buffer
1.62 Not known 202
m-OHbenzaldehyde 1.38 Not known 302
p-OHbenzaldehyde 1.35 pH=5.6 Min.charge.Max P 369
Phosphate buffer
Benzoic acid 1.87 Shake flask.Room temp. 145
pH=2
2.03 Not known 266
o-Mebenzoic acid
m-Mebenzoic acid R.37 Shake flask.Room temp. 145
pH=2
p-Mebenzoic acid 2.27 Shake flask.Room temp. 15

2,6-Me,benzoic acid

3,5-Me,benzoic acid

pH =2
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Table 1 cont'd.

Compound Log P Conditions of Measurement Ref
o-OHbenzoic acid 2.26  Shake flask.Room temp. 174
pH=2
2.21  Unpublished analysis 6
Nog Known
2.2 20°C Acidified with HCL _237
pH=2
2.25 pH=1.0 Using HC1 259
0.95 pH=4.0 259
m-OHbenzoic acid 1.50 Shake flask.Room temp. 145
1.48 20°C Acidified with HC1 237
pH=2
p-OHbenzoic acid 1.58 Shake flask.Room temp. 145
pH 2
1.57 20°C Acidified with HC1 237
pH=Z2
2,6-0H2benzoic acid 2.20 Unpublished analysis 71
Not known
3,5-0H2benzoic acid
Acetanilide 1.14 Measured by HPLC 289
1.16 Shake flask.Room temp. 145
pH=2
1.17 Private communlcatlon 323
Not known
1.36 Private communication 323
Not known
o~-Meacetanilide
m-Meacetanilide
p-Meacetanilide 1.39 25°C Buffer pH=7.2 363

2,6-Mesacetanilide

3,5-Mejsacetanilide
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Table 2

Compound
Phenol

o-Clphenol

m-Clphenol

p-Clphenol

0-NO,phenold

m-NO,phenol

-0.77
-0.85
~0.81
-0.66
~-1.00

-0.81
-0.74

-0.74
0.08
0.86

-0.70
0.08

-0.70
-0.26
0.08

-0.35
-0.30

l.49
1.58

1.45

-1.57
-1.52
-1.22

Conditions of Measurement

pH=9.2 0.05M Borate buffer
Not ion corrected

2 min.shake with H,0 or
0.5M Phosphate buffer

No temp. control

Calc.from mol.fraction
part.coeff. pMF from expr.
P=P-MF18(D0O)/MWO
DO=density org.solvent
MWO=mol.wt.org.solvent
0.1%NaCl soln. by
countercurrent dist-
Unpublished analysis
Not known

Unpublished analysis
Nog known

20°C Acidified with HC1l
pHgZ 1

25_% Shake 20min —/24hr
100 M

2570

Japanese journal

Not known

Not known

pH=11.86 0.5M Phosphate
bugfer.Not ion corrected
20°C Acidified with HCL
pH=2

pH=11.86 0.5M Phosphate
bugfer.Not ion corrected
20°C Acidified with HCL1

pH=2

pH=11.86 0.5M Phosphate
buffer.Not ion corrected
Unpublished analysis

Nog known

20°C Acidified with HC1
pH=2

German journal. Not known
25°C

pH=8.38
Nog known
20°C Acidified with HC1Ll

pH=8.38
Nog known
20°C Acidified with HCL
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Published LogP Values in the Cyclohexane/Water System

Ref

58
152

262

334
201

71

R34

315

206
208

58
234

58
235

58

71
235
276
220
202
238
221

335
238



Table 2 cont'd.

Compound
p-NO, phenol

2-NO,resorcinol

3-Me-2-NO,; phenol
Q-Me-2-N02phenol
5-Me-2-NO,phenol
6-Me-2-NO,phenol

o-Mephenol

m-Mephenol

p-Mephenol

2,3-Me,phenol

2, 4,=-Me ,phenol

0.04
0.13

0.10
0.20
0.00
0.15
0.01
-0.30

-0.15

—0120
-0.10

-0.34
-0.30

-0.10

-0.19

-0.35
0.51

0.1/

0.76

Conditions of Measurement

pH=8.38

Not known

Nog known

20°C Acidified with HC1
pH~ 2

pH=9.2 0.05M Borate buffer
Not ion corrected

2 min.shake with H20 or
0.5M Phosphate buffer

No temp. control

0.1%NaCl soln. By counter
current QdistS

Shake method 0.05mg/ml
O.gMNaCl aq.phase

2500

20 C Acidified with HC1
Not known

pH=9.2 0.05M Borate buffer
Not ion corrected

2 min.shake with H20 or
0.5M Phosphate buffer
No temp.control
0.1%NaCl solp. Counter
current dist-

Shake method 0.05mg/ml
0.3MN&Cl aq.phase

25°C

Not known

2 min.shake with H20 or
0.5M Phosphate buffer
No temp.control
0.1%NaCl sol%. Counter
current dist-

25°0

0.1%NaCl solﬁ. Counter
current dist-

Not known

2 min.shake with H.0 or

0.5M Phosphate buffer
No temp. control

| .42“

Ref

220

335
202

238

58
152

334
141
206
231

58
152

334
141
206

152

334
206

334

152



Table 2 cont'd

Compound
2, 4~-Me,phenol

2y,5-Mezphenol

2,6-Me>phenol

3,4-Mesphenol

3, 5"?M92 phenol

2y 3,5~-Meszphenol

2,3,6-Mesphenol
2,4,6-Mesphenol

2,3,5,6-Meyphenol

o~OHbenzaldehyde

Log P .

0.55
0.34

0.77

0.57
0.96
0.56

1.28

0.93
1.11

0.20
-O- 80
0.28

0.54

0.27
-0.85

0.21
0.23
0.38

0.97

1.2/

L.77

0.38
1.37

Conditions of Measurement

0.1%NaCl solﬁ. Counter
cugrent dist-

20°C Acidified with HC1
pH=2

2 min.shake with H,0 or
0.5M Phosphate buffer
No temp. control
0.1%NaCl solﬁ. Counter
cugrent dist-

25 C

20°C Acidified with HC1
pH=2

2 min.shake with H,0O or
0.5M Phosphate buffer
No temp. control
0.1%NaCl solﬁ. Counter
current dist-

Not known

0.1%NaCl solﬁ. Counter
current dist-

pH=11.86 0.5M Phosphate
bugfer. Not ion corrected
20°C Acidified with HC1
pH=2

2 min.shake with H,Q0 or
0.5M Phosphate buffer

No temp. control

0.1%NaCl soln. Counter
current dist-

pH=11.86 0.5M Phosphate
bugfer. Not ion corrected
25°C

Not known

20°C Acidified with HC1

pH=2

0.1%NaC1l solﬁ. Counter
current dist-

0.1%NaCl solg. Counter
current dist-

pH=11.86 0.5M Phosphate
buffer. Not ion corrected

pH=9.2 0.05M Borate buffer
Not ion corrected
Not known
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Ref

334
231

152

334

206
231

152

334
1

334
217

231

152

334
217

206
231

334

334

217

72
202



Table 2 cont'd

Compound
m~OHbenzaldehyde

p-~OHbenzaldehyde

Benzolc acid

o-Mebenzoic acid

m-Mebenzoic acid
p-Mebenzoic acid
2,6-Me,benzoic acid
3,5-Mez2benzoic acid

o-0OHbenzoic acid

m-OHbenzolic acid
p~OHbenzoic acid

2,6-0H>benzoic acid
3,5-0Hzbenzoic acid
Acetanilide
o-Meacetanilide
m-Meacetanilide
p-Meacetanilide
2,6-Mejyacetanilide

3,5-Mesacetanilide

Log P

-1.93

-2.54
-1.93

0.655

-1.02

-0.50
-0.47

-2.04

-1.77

Conditions of Measurement

Unpublished analysis
Not known

Unpublished analysis
Not known
Not known

6hr rocking method. 45°
lcpm 25°(

24°C Equil.over 3 days
Occasional shaking. pH
adjusted so no dissoc.
6hr rocking method. 45°
lepm 25°C

20°C Acidified with HC1l
pH=2

20°C Acidified with HC1
pH=2

20°C Acidified with HC1
pH=2

bi

Ref
201

201
202

321

22

321
237

_37

237



not adequately explained by QSAR. There can be many reasons
for this, including 1) basing the prediction on a poorly
designed series or an invalid or ambiguous regression equation
2) basing it on an extrapolation outside the range of the
physical properties represented by the original substituents

and 3) the conditions of the biological tests were different

(275).

These reasons however, assume that the parameter values

used for the series are correct. It was felt by this author
that this was not necessarily the case and that it was
possible that many anomalies encountered in quantitative
structure-activity studies could arise from inaccurate
measurement or calculation of physicochemical properties

such as partition coefficient.

To investigate this theory we initially studied the

information provided by the Hansch data base (Tables 1 & 2)
A series of substituted phenols was chosen for the study,
the criteria for selection being that the compounds were
easy to obtain, either by purchase or synthesis, and the
degree and type of substitution was such that factors
affecting the expected partition coefficient could be

identified without interference from other substituents.

Tables 1 and 2 , as has been said, illustrate the range of
partition coefficient values available for each compound.
Such a range is important since if all the values are
included in an average estimate of log P an obvious large
error will result. Therefore, certain values must be

excluded from such an average. Those values to be included
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must have been measured under similar conditions so
knowledge of experimental conditions is necessary. To find
this information, the original reference was consulted, but
as the two tables show, such information was not always
available. From the information that was available however,

it 1s apparent that pH is very important and possibly

temperature also.

From this study of the Hansch data base it became apparent
that 1t would be necessary to select an adequate method of
measuring partition coefficient and apply that method to all
the compounds included in the study. . This would have a
number of advantages: 1) the conditions of measurement,
technique used and operator would be the same for each
compound so comparisons of log P would be valid, 2) compounds
with previously unmeasured log P's could be included in the
study, 3) the lgg P values measured by the chosen method

could be compared with those given in the Hansch data base.

Thus Chapter 2 describes the selection and preparation of
the compounds and Chapter 4 describes the selection of a
suitable method. It was decided to pursue variations of the
shake flask method for measuring partition coefficients
since this technique was already widely used and appeared

to give satisfactory results. However, attention was paid
to the effect that length of shaking time, vigour of

shaking, temperature and pH had on the partition coefficient.
This also meant that different methods of.shaking were

utilised and thus investigated.

In addition to the method used for measuring log P, it is
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also possible to vary the solvent system in which log P is

measured. The octanol/water system is probably the system

in most common use and seems to be fairly representative of

the membrane systems encountered in biological systems, but

the initial choice of octanol as the lipid phase seems to

"have been made fairly arbitrarily.by Collander ( 76 ) so

Chapter 3 includes a fairly detailed discussion of different

phases available and the reasons for selecting octanol.
However, it was felt that different organic phases could
provide information about interactions occurring within
molecules, between molecules and between solvent and

molecule and so the apolar phase, cyclohexane, was also

investigated.

Apolar solvents such as cyclohexane are not as simple to
work with, and for correlation between polar and apolar

solvent systems, it is necessary to introduce a term for

hydrogen bonding (256).

i.e. log Poctanol = 0.5 log Pcyclohexane t2.43
n r S
9 0.791 0.391

Log Poctanol = 1.0 log Pcyclohexane tl.e lOgKHB v 2.35
n r S

9 0.979 0.140

The linear relationship for the solutes (phenols) in the
two systems is quite poor as shown in the first equation.

However, when a term for hydrogen bonding is added (logKHB

is from Higuchi (198)) a good correlation is obtained. Also,

the slope relating the log P values is unity, indicating
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that the two processes are quite similar except for H-bonding.
The intercept indicates that phenols of equivalent log P
values are more easily partitioned into octanol than
cyclohexane. The octanol/water reference system tends to
indicate that hydrogen bonding is involved in the partitioning
process. This simplification may well be desirable since

for solutes moving from an aqueous to non-aqueous phase in
living tissue, the free-energy change in hydrogen bonding,
especially for a single hydrogen bond, must be small.

However, for instances where hydrogen bonding is critical

the use of cyclohexane can possibly give valuable information

and was thus included as a reference system in this study.

Chapter 3 also includes the results of an investigation into
the mutual solubility-of octanol and water.= Cyclohexane and
water are virtually insoluble in each other so mixing is
unlikely to produce any unexpected effects, but octanol and

water display a fairly high degree of mutual solubility.

Hydophobic forces appear to be mainly the result of a
desolvation process which is determined by the unilque
properties of water, such that, when an apolar organic
compound is dissolved in water, a so-called 'flickering
cluster! of water molecules envelops it. This 1is
accompanied by a small evolution of heat and a rather large
decrease in entropy. When such a molecular complex leaves
the water phase and moves into a nonpolar solvent or a
nonpolar phase of a protein, the cluster of water molecules

is stripped from the organic compound. The resultant increase

in entropy largely accounts for what is poorly termed

hydrOphobic bonding. Thus the main driving force for

f
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leaving the aqueous phase and moving into the octanol (or
lipoprotein) phase can be expressed as the desolvation of
the small molecule. ©Since octanol is not a simple solvent
under these conditions, in that it contains about 4% water
and is also self-associated, a kind of desolvation of
octanol 1s also possible in that a solute molecule may take
control of a water molecule normally held by octanol. It is
therefore important to ensure a standard amount of water
contained in the octanol, i.e. the two phases must be in
equilibrium so that these desolvation forces are constant
for every experiment. Another important point is that since
solubility varies with temperature, the desolvation forces
will also vary with temperature. This is important for
thermodynamic work since AH, AG, and AS will contain these
variations. However, this should be constant, more or less,

for all compounds.

Once the method of measuring log P was established, a set of
partition coefficients for the compounds under investigation
was determined and these were compared with published figures.

In the event, two methods were eventually used and so further

comparison was possible.

Partition coefficient is one of the most useful parameters of
Hansch analysis because of the relevance of hydrophobic
effects both to drug transport and to drug binding with some
lipophilic site. However, the usefulness of log P 1is

greatly increased by the fact that log P for any molecule
more complex than a monosubstituted benzene can be

estimated by adding known m values for substituents to some

molecular fragment (the nucleus) for which log P has been
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experimentally determined.
Thus, m is defined:- Ty = logPYX - logPYH

Y = appropriate parent structure

logP = octanol/water partition coefficient
So that in a molecule RXYZ the log P value may be estimated
by adding logPR for the nucleus, R, and 7 values Mys Ty and

Mo for substituents, assuming:-

log P = 10g P + + T

R "x T Ty T Tg
This 1s "known as the additive-constitutive nature of 7 and
of course 1s of great value since it eliminates the
necessity to measure every partition coefficient of every
molecule, of particular value for unstable or insoluble
compounds. However, if the calculated values of log P are
to be used confidently in analyses, an accurate value of T
must be available and this is the source of difficulty.
Various assumptions made by early workers in this field have
been found to be incorrect and are responsible in some

degree for failure of additivity. The most basic error was

the assumption that Ty = 0. Later work revealed that the

hydrogen atom in fact has a m value of 0.2 which must be

included in calculations. The proximity effect is another
factor affecting additivity. It was found that the m value
of certain groups was influenced by the type and proximity
of their neighbours. Correction factors have been devised

to account for deviations. from additivity, examples being:

Proximity effect  (2C) 2 x 0.23
(1C) 3 x 0.27 (Rekker 325)
Double bond -0.30 (Leo 189)
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However, rather than devising correction factors, deviations

from additivity can be used to give information about

structure and interactions.

In applying the equation for log P to polysubstituted
benzenes, a correction for the dependence of 7 values on
electronic interactions between substituents can usually be

made by suitable choice of the fragment R and relevant

values so that an accurate estimate of log P can be made.

However, many drug molecules are frequently heterocyclic
compounds and often are so flexible that they can exist in
more than one conformation in aqueousg solution. In certain
conformations, or in rigid but sterically crowded molecules,

the groups chosen as X,Y and Z may interact with each other

or with the nucleus, R, through space by intramolecular hydrogen

bonding. An experimental measurement of log P for such

molecules can then be compared with a calculated value to
examine the relevance of the additivity equation and to give

insight into intramolecular and other effects.

Log P and m have been applied to Hansch analysis in two ways:

1. Transport alone is rate determining
log BR = a log P - b(LogP)* + ..... + ok

In this equation log P refers to the complete molecule and
an optimal value is predicted from the 'random walk' theory
when drug transport is rate determining. If this is applied

as a model equation to complex molecules where additivity of

7 constants does not apply, log P must be measured, or large

deviations will occur.
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2. Transport is Not rate determining

log BR = C_ + ..... + k

where this applies, m refers to that part of the molecule

desolvated on binding to the receptor. This equation is

often applicable to equilibrium situations, such as those
found in vitro. Sometimes, different dependencies on 7w are
found for substituents in different parts of the molecule.
For example, the hydrolysis rates of substituted phenyl B-D-
glucosides by emulsin have been shown by Hansch (172) to

depend on m for the para substituents but not for the meta

substituents.

'One problem that frequently occurs is that when 7 is taken
from one series and applied to another, an electrical
component may be needed to compensate for the remoteness of

the model, especially when the series has strongly polar or

hydrogen-bonding functions. (I)

Additivity can also break down in flexible molecules, possibly
because of a dipole interacting with polarizable w-electrons
of an aromatic ring, or in sterically crowded molecules

where the overall shape may prevent water molecules from
forming a solvate iceberg between two rings - a situation

which can be considered as an intramolecular hydrophobic

bond.

@ m G S°
COOH CH, O
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In compound II, a combination of intramolecular hydrophobic
effects, and possibly interaction of the side chain dipole
with one or both aromatic rings, leads to a wide discrepancy

between experimentally determined and calculated log P values.

Sterically crowded molecules can also present additivity
problems. In compounds with two aromatic rings there may

be interaction between the rings which can be considered as
an intramolecular hydrophobic effect. This can lead to a
raising of-log P. 1In addition, substitution on such rings
can be involved in the interaction and may not produce the
expected increase or decrease in log P. Therefore, whenever
intramolecular interactions are possible either because of
steric crowding or conformational flexibility, it is

necessary to measure log P.

However, the need to measure log P values for such molecules
reduces the advantages of the additivity function of m and
therefore ways have been sought to account for these factors
in log P calculations. Hansch has devised a fragment method
for calculating log P and Rekker has developed his
hydrophobic fragmental constant system. DBoth these methods

are discussed in Chapter 5.

Those factors which affect additivity of m are an inherent
part of the structure of the molecule and may be expressed
as spatial (or steric) and electronic features. A drug
molucule is usually considered in terms of. the contributions
of its component atoms or functional groups, and of the
relationships of these to one another in the total molecule.

Electronic features determine the potential bonding
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propensities of a molecule or its components with other
molecules (or with itself) including receptor structures,
whilst spatial or steric features have an influence on the
ability of the molecule to exercise its bonding propensities.
Electronic properties of component atoms may, of course,
influence configurational or spatial relationships within

molecules.

Electronic characteristics include the formation, disruption
or modification of covalent, ionic, chelate, hydrogen, van
der Waals, hydrophobic and charge (electron) transfer
complex bonding. Covalent bonds are irreversible and
therefore associated only with drugs which are potentially

more toxic and thus have a separate role in structure-

activity studies.

Tonic bond interactions are probably the most widely
implicated drug-receptor bonding phenomenon, since the
majority of drugs are ionized to some extent at physiological
pH ranges. Four types of interaction may occur; ion-ion, ion-
dipole, ion-induced dipole and dipole-dipole. There is a
strong interaction between two oppositely charged ions. The
energy of interaction between ions can be influenced by
ion-dipole interactions in the solvent and substituents can
also have an effect by modifying the distance between the
charges. Substituents which tend to delocalise a charge

will decrease the strength of interaction of the ion with
another ilon because with a diffuse charge the average
distance between the charges will be larger. Substituents
might also sterically prevent close approach of the two

charges. Because of the angular relationship between the
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centres of charge and the dipole moment, equivalent
substituents at different positions will produce different
net effects on dipole moment. Hence, separate structure-
activity relationships may be found for analogues substituted
at different positions. This aspect of substitution is

investigated in this thesis.

Chelation, that 1s intramolecular hydrogen bonding which
ocecurs with certain molecules such as B-blockers, that
contain both electrophilic and nucleophilic functions in a
relationship capable of interacting to form rings, as a

form of bonding interaction is not an important feature 1n

drug design.

The hydrogen bond however, has been found to be important

in drug interactions. A hydrogeﬂ bond may form between a
hydrogen atom and an electronegative atom such as F,0 or N.
The attraction of the electrons by the electronegative atom
means that the hydrogen atom gains a partial positive charge
which can interact with the partially negative atom of
another molecule or an atom involved in a different covalent
bond in the same molecule. For example:-

<=— H—0—H---

H_O—H + ~

O
|
|

H

The hydrogen bond is considered unique to hydrogen because

hydrogen is the only atom which can carry a positive charge
while covalently bonded in a molecule and which is also

small enough to allow a close approach of a second electro-
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negative atom. However, lithium also has this ability to

a slight extent.

The effect of hydrogen bonding on the partition coefficient
of a molecule is investigated in this thesis. The effect

of intermolecular hydrogen bonding between solvent and solute
is investigated by studying the two solvent systems, octanol/

water and cyclohexane/water.

Van der Waals intermolecular forces are weak, short-range
forces and are not considered to be of any great importance
in affecting log P in a system such as octanol/water, but

they may be of importance in the cyclohexane/water system.

Hydrophobic bonds occur if two solute molecules at low
concentration interact with each other rather than with the
solvent. Thus a measure of hydrophobicity is the relative
solubility of the liquid phase of the substance in water.
Hydrophobicity is important since the overall hydrophobicity
of a molecule is considered to be the determinant of the
rate or extent of passage of the substance through membranes.

This is the basis of the value of log P which is a measure

of hydrophobicity.

Charge-transfer bonding occurs when a ggod electron donor
comes in contact with a molecule which is a gopod electron
acceptor and the donor transfers some of its charge to the
acceptor. These onds do not appear. to be of general import

in drug interaction and have not been investigated in this

work.

Steric factors are also important in determining the potency
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and specificity of many kinds of biologically active
molecules. Spatial factors may be looked on in terms of
size and shape and are governed by component atom radii,
weights and bond distances and angles. Size may be expressed
in dimensions of weight, volume or area of the molecule or
of certain of its parts. The shape assumed by the molecule
as a whole is related to the stereochemical arrangement of
the parts and the shapes of the parts. Conformational
differences in shape of a molecule result from the freedom
of rotation of single bonds which permits substituents to
assume different positions relative to one another. Thus
positional isomers were included in the study since steric
and electronic factors inherent in each isomer can be
responsible for anomalies in partition coefficients and

hence in structure-activity relationships.

Thus, having ascertained the existence of anomalies which
cannot be accounted for by log P measurement techniques, it
was necessary to investigate the actual source of such
anomalies. To do this two techniques were investigated.
Computer graphics was utilised to .confirm molecular shape
and substituent position relative to bond length, angles and
area. This gave some idea of the importance of steric and
electronic factors within each molecule. The results of this
work are recorded in Chapter 8. The thermodynamics of
partitioning was also investigated and this is recorded in
Chapter 9. OSpectroscopic data were utilised in conjunction
with the thermodynamic and partition .data +to aid

interpretation of the results. These have been recorded in

Chapter 7.
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Finally, GChapter 10 investigates the rate of partitioning

and its relationship to biological activity. Quantitative
structure activity relationships are based on the biological
response to a given dose of drug, measured at a predetermined
time after administration. Thus, the rate at which a drug

is partitioned through membranes will influence the amount

of drug present at the target site at any one time and hence
the degree of response. The octanol/water partition
coefficient of a drug has been found to correlate with
biological activity although, as has been explained, anomalies
occur which are difficult to explain. Since partition
coefficient may be expressed as the ratio of the forward and
reverse rate constants, an anomalous partition coefficient
may be due to abnormal partitioning rates, either forward

or reverse. Therefore, it is possible that the rate of
partitioning into or from octanol will correlate better with
biological activity than the partition coefficient. This
thoery was investigated with a series of substituted

hydroxyacetanilides.

The purpose of this introduction has not been to provide a
comprehensive review of all structure-activity work performed

to date, even if this were possible in view of the advances
made in recent years. Rather, an attempt has been made to

illustrate the avenues pursued and the need for the work

undertaken in this thesis.
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CHAPTER TWO

SELECTION AND PREPARATION OF COMPOUNDS

The prime aim of this investigation was to study intra-

molecular. steric effects and intramolecular hydrogen bonding.

Different series of compounds were selected that would
demonstrate these effects. The meta- and para- isomers

within each series were included as controls.

COMPOUNDS WISWESSER LINE MOLECULAR
NOTATION WEIGHT

Phenol

06H60 QR 94.11

O

Chlorophenol

06H5010 1.QR BG 128.56
2.QR CG
OH 3.QR DG

Cl l.ortho

(1-chloro-2-hydroxybenzene)
~Cl

Cl 2.meta
(1-chloro-3-hydroxybenzene)

3.para

(1-chloro-4-hydroxybenzene)



COMPOUNDS WISWESSER LINE MOLECULAR

NOTATION WEIGHT
Nitrophenol
06H5NO3 1.WNR BQ 139.11
2.WNR CQ
OH
3.WNR DQ
NOZ l.OI"bhO
~5N02 2.meta
!
|
NO,
3.para
2-Nitroresorcinol
06H5N04 WNR BQ FQ 155.11
OH
NO,
OH
Hydroxybenzaldehyde
C7H602 1.VR BQ 122.12
2.VR CQ
CHO 3.VR DQ
OH 1.ortho
(Salicylaldehyde)
i : OH 2.meta
OH
3.para
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COMPOUNDS

WISWESSER LINE MOLECULAR

NOTATTION WEIGHT
Benzoic Acid
C7H602 QVR 122.12
COOH
Hydroxybenzoic Acid
C7H6O3 1.QVR BQ 138.12
2.QVR CQ
COOH 3.QVR DQ

OH

OH 1l.ortho
(Salicylic Acid)

e

"OH

2.meta

- 3.para

Dihydroxybenzoic Acild

C7H604

1.QVR BQ FQ 154.12
2.QVR CQ EQ

COOH

OH 1.2,6-dihydroxybenzoic Acid

o

OH 2.3,5~-dihydroxybenzoic Acid
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COMPOUNDS WISWESSER LINE MOLECULAR
NOTATION WEIGHT

Methyl-o-Nitrophenol

C,7H7NO3 1.WNR BQ F1 153.13
2.WNR BQ E1
OH 3.WNR BQ D1
4
2-methyl- CH < NO, 4-WNE BQ Cl
6-nitrophenol
3. CH:';" | \CH;; 1. 3-methyl-2-nitrophenol

5-methyl-2- ' .
nitropienol CH, 2. /-methyl-2-nitrophenol

(6-nitrocresol)

Methylphenol

C7H80 1.QR Bl 108.13
2.QR Cl

OH 3.QR D1
CH3 1.ortho

n(o-cresol)
" “CH;,
('3H3 2.meta (m-cresol)

3.para (p-cresol)
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COMPOUNDS WISWESSER LINE MOLECULAR

NOTATION WEIGHT
Dimethylphenol
CBHlOO 1.QR Bl C1 122.16
2.QR Bl D1
3.QR Bl E1
OH 4.QR Bl F1
4. CHja CH, 5.QR C1 D1
2,6-dimethyl
phenol 6.QR C1l El1
3, CHy | "CH,
2,5-dimethyl ) :
phenol CH, 1. 2,3-dimethylphenol
2e Ryh-dimethylphenol
OH
6. CHJ CH,
3,5-dimethyl i
phenol CH,

5. 3,4=-dimethylphenol

Trimethylphenol

CoHy 50 T 1.QR Bl C1 E1 136.19
2.0R Bl Cl F1
OH <
3.QR Bl D1 F1
2. CHgy~ CH,
2,3,6-trimethyl .
phenol
CH{I CH3

1. 2,3,5-trimethylphenol



COMPOUNDS WISWESSER LINE MOLECULAR
NOTATION WEIGHT

Trimethylphenol

OH
CH, CH,
| 3. 2,4,6-trimethylphenol
, CH;,

Tetramethylphenol
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