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Abstract

Subject: Medicinal Chemistry

Earlier the process of drug research was confinetthé empirical testing of a large number of commuizufor a
specific activity. The lead compound thus obtained further altered based on one’s synthetic adslitMedicinal
chemist was like a compulsive gambler who hoped hisanext compound will be more active. This ‘Edign’
approach was too expensive and success rate wdewodlany attempts were made to make the proces® m
rational. A landmark in this direction was the iddaQSAR proposed by Hansch and his coworkers. dtewerted
the qualitative relationship like “chloro derivadiis more active than bromo” to a quantitative dtrite activity
relationship (QSAR). The paradigm of Hansch appnoafiuenced every discipline of drug research.nfrriat
time, the medicinal chemistry is never the sameanaghater, many more methods were introduced gimarthe
scope of QSAR. It will also discuss briefly otheetimods of QSAR and their applications.

Key word: QSAR model, Parameters, Log, COMFA, 3D-QSAR, Drug design.

1. Introduction

The purpose to describe the impact of Hansch
analysi$ on drug design, It will deal with the
methodology and accomplishment of Hansch
analysis. It will also discuss briefly other metbouf
QSAR and their applications. The purpose of this
chapter is to describe the impact of Hansch aralysi
on drug design. It will deal with the methodologyda
accomplishment of Hansch analysis. It will also
discuss briefly other methods of QSAR and their
applications. Almost simultaneously, free and
Wilsor? proposed another QSAR model.

2. How to Quality the Chemical Structure ?

To make the structure activity relationship
guantitative, both chemical structure and the
biological activity must be quantify. Although
biological activity can be measured in quantitative
terms, it is not easy to quantify the chemical
structure. So the crucial question is : how tordjda
the chemical structure? The method used in QSAR to
quantify the structure is to express it in terms of
physico-chemical properties that can be measured
easily and accurately like partition- coefficiepkg ,

spectral properties, steric characters etc. Masnof
medicinal chemist works on a set of derivatives
where only a part of the molecule varies and aelarg
part remains constant. In such cases, one has to
quantify only the substituents instead of the whole
molecule.

One of the important contribution of Hansch
and his coworkers is the development and
standardization of a number of such substituent
constants based on physico-chemical properties.
Many others have also developed various substituent
constants. Today a QSAR practitioner has a large
number of such constants to choose using some of
this these constants; one can also calculate the
physico-chemical properties of the complete
molecule. Some of the important and frequently used
physico-chemical properties and the related
substituent constants are brief described below.

2.1 Quantifying Structure in terms of
Lipophilicity.
In  the beginning of this century,

Overtone® and Mever® had demonstrated that
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the narcotic activity is related to the partition
coefficient between oil and water. Since then large
number of reports have correlated various bioldgica
activities  with thepartition coef ficient®.
Thus a chemical structure can be expressed
quantitatively in terms of partition coefficieft or
log P. Hansch and Fujita recognized that partition
coefficient is an additive constitutive propertyat is,
the partition coefficient of a molecule is the som
the contributions from various parts of the molecul
It also means that, for example, if a methyl grasip
added to any molecule, the partition coefficientl wi
increased to the same extent in all the molecidgs.
studying the partition coefficients of a large nwenb
of molecules, the contribution of each substitution
was calculated. The hydrophobic parameter thus
calculated for a substituent was called ‘It can be
calculated as follows:

my =log B, —log Ry
ny is the hydrophobic constant of the substituent X
log P is the log partition coefficient of the molecule
with the substitution X and log P is the log

partition coefficient of the parent molecule that i
the unsubstituted molecule. For example,

ng| = log P (Chlorobenzene) —log P (Benzene)

= 2.84-2.13
= 0.71
Thus pi value for chloro substituent is 0.71. ltamg
that the introduction of a chloro group will resuit
the increase of log P by 0.71. For example, theFlog
of dichlorobenzene will be

Log P (dichlorobenzene) = log P (benzene)m-2
=213 +2(0.71) 53

(experimental = 3.39)

Large number of substituent’'s have been studied and
their = values are available in the literatur¥alues

for some of the important substituents are giwen i
Table 1. Although many organic solvents can be used
to measure the partition coefficient, Hansch argl hi
group has standardized the method using n- octanol-
water system. A second set ofvalues, named Pi-,
was introduced by Fujita et al for substituents on
phenols and anilindsLater Nys and Rekker defined

a new hydrophobic parameter called fragment
constant ‘f’. Log P is the sum of constituent ‘Blues

8 The fragment constants were further developed and
revalue are not always possible due to variousstype
of log P based on these value are not always fdessib
due to various types of interactions within the
molecule. However there is a computer program
CLOGP that calculate log P from a set of empirical

rules devised after thousand of
compound$

Apart from shake flask methods, partition
coefficient can also be determined by HPLC with
octanol coated columts Many have studied another

Ry, derived from thin layer chromatography as a

measure of hydrophobicity These methods are
faster compared to the traditional methods.
Logarithm of micelle-water partition coefficient
(logPq) has been suggested as another simple

parameter. It is measured by HPLC using micellar
aqueous solution as mobile phEsé

examining

2.2 Quantifying Structure in terms of Electronic
Parameters

In developing the hydrophobic constant,
Crowin Hansch was highly influenced by the work of
Prof. Hamnet. In 1935, Prof. L.P. Hammett
developed an electric constant, now known as
‘Hammett constant’ for a substituent based on u;e P

valued®. These constants were very useful in
predicting a number of reaction rates. His equation
has been successfully applied in studying a vagela
of diverse reaction. The Hammett constantsjgma)
can be easily calculated by the equation:

oX = (pKH - (PKax
o X is the Hammett constant of the substitu¥nt
(PK)H is the plg of the benzoic acid with the

substitueniX and (pKg)y is the pk of benzoic acid,

that is, the unsubstituted parent molecule. For
example,

o m-NO2 = (pKy) penzoic acid — (PKadm -
nitrobenzoic acid
= 417 - 345 &72

A positive value indicates electron withdrawing
effect and a negative value indicates electron
releasing effect (eg: methyl = -0.14). For substitis

on the aliphatic chain, another paramei&fsigma
star) is used. The major drawback of sigma valoes i
correlation studies is that they do not differ tgraat
extent from one another since they are locatedgalon
a scale that is only 1.8 logarithmic units from emel

to the other. Moreover the second decimal place is
not very reliable because sigma value are obtaiyed
subtracting two logarithms of which one or both of
the two number is likely to be insure in the second
decimal®. The sigma constants are also position
specific that is, the constant for a substituerpat
position is different from the Meta position. For
example, the value for chloro group at para pasitio
is 0.23 and meta position is 0.47. A separate Bet o
sigma values for para substitution was introduced
depending on the resonance interactions where a
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position center c(p+) or a negative centebig') is

generated. There was no need for such separate
values for meta substituents. The availablilitysof
many sigma values results in selection problem.
Many times, it is difficult to decide which sigma
value is appropriate. Several attempts were made to
separate resonance effect from the sigma values.
Swain and Lupton established another set of
substituent constant F and R for field - inductarel
resonance effect respectivlyThe advantage of F
and R constants is that they are position indepgnde
that is, there are no separate values for Metaaoa P
position unlike sigma values. The separation afsig

to F and R is also criticized because by using two
parameters instead of one, there is a loss of degfre
freedom. This loss in degree of freedom may be
serious if the sample size is small. However akth
parameters sigma F and R are widely used in QSAR

studies. Some of these values for important
substituents are given in Table 1.
Many parameters based on quantum

chemical calculations such as energies of highest
occupied molecular orbitals (HOMO) and lowest

unoccupied molecular orbitals (LUMO) have also

been extensively used as electronic parameters.
Further, many spectroscopic characteristics like
chemical shift in NMR, IR frequencies etc also have

been used in correlation studies.

2.3 Steric Parameters

Taft introduced the steric parameter, Es,
which was calculated using rate of ester hydrolysis
But the method could not be used to determine the
values for many substituents whose esters were not
stable. Kuffer and Hansch utilized the relationship
between Es and the van der waal radii, which was
first recognised by Charton and developed a general
method to calculate the Es value of large number of
substituents Verloop developed a multidimensional
steric parameter using a computer program based on
the standard values of van der wall radii, bond
lengths and bond angfés These parameters are
labeled as B, By, B3, B4 and L. L is the length of

the substituent and {Bto B4 are width parameters
where B is the minimum and Bis the maximum

width. Moriguchi developed van der waal volume
Vyy as another steric parameter which is easy to

calculated'®. Some of the common parameters used
are given in Table 1 for important substituents.

2.4 Molar Refractivity (MR)
Molar refractivity is an additive constitutive
property of a compound which can be calculated

easinE' It is connected with the molar volume. But it

is not purely a steric parameter. It also reflairisy
receptor dispersion interactions. It is generally
assumed that a positive coefficient with an MR term
in a correlation equation suggests a binding actian
dispersion forces. A negative coefficient with MR
has been assumed to reflect steric hindfartéas
been found that MR and log P are highly correlated
in a homologous series. But, if the series is desig

to include different types of substituents, the iR

log P are not correlated and can give useful
information. Table 1 gives MR value for some
important substituents.

2.5 Molecular Connectivity

Petroleum chemists have frequently used
calculations based on branching in molecules to
predict many physical properties like boiling pgint
viscosity etc. This approach was quantified in the
form of matrices. Kier has extensively used these
methodologies in QSAR The main advantage of
this method is that these values can be calculated
easily and no physical properties have to be
measured. An example of molecular connectivity
calculation is given in Fig.1. Large number of
correlation have been reported between various
indices of molecular connectivity and physical and
biological properties’ But one fundamental problem
with the concept of connectivity is that while & i
designed to parametrize molecular shape in a more
sophisticated manner it falls short of consideratid
the three-dimensional array of atoms in spaces It i
this topography rather than topology which is
probably essential at the molecular 1éUelt also
does not give any information to medicinal chemist
for further design unlike other parameters. Regentl
Kier and has coworkers have developed a new
parameter called electrotopological state indexnfro
graph theory. This combines both Electronic and

topological characters'*?

3. Regression Analysis (Hansch Analysis):-

Relationship between biological activity
and physic-chemical parameter can be expressed
through linear equations of the type:

Y= a+bx
Where Y is the biological activity, a is the intept
and x is the Physico-chemical parameter and keis th
slope or regression coefficient. For QSAR studies,
the equation 1 can be appropriately modified as,

log (1/C) =a+ b (log P)



Available online at www.ijpras.com

Here, biological activity is expressed bxy (1/C)
whereC is the molar concentration of the compound
which gives specific response say IC50, LD50 dtc. |
is essential to express the concentration in
logarithmic scale because the right side of the
equation contains parameters which are derived from
logarithmic scale like log P, Pi, sigma, Es etc.

Hansch observed that the relationship
between partition coefficient and activity is not
always linear. A liner relationship is observedyonl
when the range of partition coefficient studied is
small. Activity cannot increase indefinitely withe
increase in partition coefficient. After a certdimit,
there will be a decrease in the activity. Such a no
linear relationship can be expressed as a parabolic
equation.

log (1/C) = a + b (log P)+{dog p)”

Statistically better equations were derived with a
parabolic model compared to linear model. This
model was further improved by Kubinyi who
suggested a bilinear model,

log(1/C) = a + b (logP) + ¢ log (BP +1).(4)

Here, B is a nonlinear term to be derived by a step
wise process or by other mathematical mettrdds

Another important contribution of Hansch
is the recognition that biological activity will to
depend on a single physico-chemical parameter but
on many. Hence a generalized equation was
suggested.

log(l/C)=a+h + & + dEs

Here,n, c and Es are Hanch hydrophobic constant,
hammett constant and Tafts steric parameter
respectively. The number of parameters in the
equation can be increased or decreased. The
coefficients “b, ¢, d” and the intercept “a” are lie
calculated using multiple regression analysis. The
equation (5) can also have a parabolic term as.

Log (1/C) = a+h+cT + do + eEs

3.1 Application of Statistics

The significance of the equation is tested by
using a number of statistical parameters. Most
frequently used statistical parameters are coroglat
coefficient(r), standard deviation from regressish

and F-test. In addition to the abov@ statistics and t-
test are also used? statistics give the fraction of the

total variance in the data explained by the redpass
and t — test gives the significance of the coedfiti

3.2 Methodology and Precautions

Today, simple linear regression analysis can
be performed using calculators. But for more
complex problems use of computer is essential.
Before performing the regression analysis certain
precautions are be considered.

3.2.1 Biological activity

The biological activity data must be
obtained at different doses. The log dose response
must be converted to Eg or ED3g etc. The dose in

mg/kg should also be converted to moles/kg for
comparison. If the activity is calculated based o
one single dose the data must be converted totlog i
units. The following calculation can be used.

Ba = (Mp/d) log (P/100 - P)

By is biological activity, My, is molecular

weight of the compound, d is the dose in mg/kg Rnd
is the percent activity obtained dose d. form the
above equation B can be directly used for QSAR

studies. However it must be noted that biological
activity data from a single dose is less accurasm t
the ED50 etc. which are obtained from multiple
doses.

3.2.2 Number of independent variables

In a multi regression analysis, it must be
noted that good correlation can be obtained by
including large number of parameters. If number of
compounds are two, than one gets correlation
coefficient = 1. The number of parameters to be
included depends on the number of compounds we
are analyzing. It has been shown that for sampke si
less than 20, when the number of variable is about
one fifth of the number of compounds, one is likely
to get good correlation which is only a chance
correlation and not a true correlation. If the nmaxim

chancer” tolerated is 0.5, then in order to use five

parameters one should have 20 compounds. For 10
parameters one need 28 compounds. This is generally
called Topliss limit. As a general rule, about five
compounds are needed for one parameter. But this
general rule can be disobeyed if other statistical
values like F-test, t- test and confidence intex\afl
regression coefficients are favorable. One can also
appreciate the importance of number of compounds
from F-test. One can get high correlation even when
the numbers of compounds are small. However, in
such case F-test will not be significant. The vadfie

‘n’ is utilized in calculating F-test but not in
calculation ‘r'. Similarly, f-test will not be sigficant



Available online at www.ijpras.com

when more parameters are used in the equation since stituents and the parent moiety are constant and

it reduces the degree of freedom.

3.2.3 Interco relation matrix

In multiple regression analysis it is essential to
studies inter correlation between the variabless &h

given in the formation of matrix. for example,

Table 1. Interco relation matrix

X G L Bl
X 1 0.12 0.21 0.89
c 0.73 0.31
L 1 0.92
Bl 1

This gives the correlation coefficient between the
variables .This matrix helps in the selection of
variable for multiple regression equations. The
variables selected should not have high inter
correlation. The variables which are orthogortaht t

is, low inter correlation are to be selected for
combinations.

3.2.4 Other considerations

A good equation is one where minimum
number of parameters or variables are included. The
tendency to get higher correlation will sometime
results in over fitting the data. In the first stiéps
essential to include all the compounds. From the
regression equation the biological activity for leac
compound can be calculated. By comparing the
calculated and experimental value one can find the
difference, the residual. This residual helps idiing
out an outlier. This outlier can be detected inribgt
step. Many times, an explanation can be found for
outlier, like rapid metabolism or a different
mechanism of action. Hansch called outliers as
“blessings in disguise”.

4. Free-Wilson Model

Free-Wilson proposed a model, which is
also called de novo model, which says that the
biological activity of a compound is the sum of the
contributions of all the substituents and the paren
moiety. It assumes that the contributions of thie- su

independent. The model is expressed as follows.
BAl = Eaj xij + M
BA is biological activity, Xj is the J" substituent with

a value of 1 if present and zero if noj. ia the

contribution of §' substituent to BA and p is the
average activity. The model is simple and easy to
calculate. There is no need for any physico-chemica
parameters. Fujita and Ban suggested two
modifications. BA was converted to log(1/C) or an
equivalent terms like in Hansch analysis. Also [ is
the activity of unsubstituted parent molecule iadte
of average activity. Thus a becomes the intercept.
Today Fujita-Ban modified model has almost
replaced the original Free-Wilson mode. Kubinyi has
combined Hansch and Free-Wilson model as mixed
approach. But a general criticism of Free-Wilson
method is that it is too simplified and does ndtiaf
any great advantage to medicinal chemist. The
assumption that the substituents are independent is
not always correct. Another limitation is that the
information obtained cannot be used for other
substituents which were not present in the original
set. The main advantage of Free-Wilson method is
that it can be incorporated into Hansch analysis by
using an indicator variable (I). Many times, the
chemist by intuition recognizes the importance of a
substituent. In such cases an indicator variableath

be used in Hansch equation where | = 1 if a
substituent is present, and | = zero if absent.

5. Other Statistical Model:-
5.1 Discriminant Analysis

In many cases, the biological activity can be
expressed only in qualitative or semi qualitative
terms like active, highly active, inactive etc.
Discriminant analysis is statistical method by wihic
one can predict the group to which it belongs (acti
or inactive) from a set of physico chemical
parameters liker, o, Es etc. An advantage in this
method is that inactive compounds can also be
included in the analysis and several activities loan
considered at the same time. Fig 2 describes thie ba
principle of the discriminant analysis.

5.2 Cluster Analysis

Cluster analysis is a method to study
relationship between compounds based on their
physical or biological properties. Clusters ararfed
on the basis of various distances between compounds
in a space formed by the physical or biological
properties. Analysis is performed in a sequential
manner, reducing the number of clusters at eagh ste
Cluster analysis has been used in drug design to

5
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group substituents that have the most similaritgmvh
various combinations of physico chemical parameters

are included

5.3 Principal Component Analysis (PCA)

Often a series of compounds have to be
evaluated in several biological tests as in the acds
antimicrobial screening where activity has to be
tested against several bacteria or fungi, or sangen
of CNS activity etc. In such cases it is not pagsib
use normal regression analysis because of its
limitation to use only one dependent variable at a
time. In such cases principal component analysis is
very useful. From a set of observed intercorrelated
variables few principal components (PC) are derived
These Pcs are orthogonal vectors formed by linear
combination of the original variables and are
assumed to represent basic properties of these
variables. PCA has been extensively used in drug
design.

5.4 Comparative Molecular
(CoMFA)

The comparative molecular field Analysis
method (CoMFA) is one of the most appealing and
successful method development in the recent time.
As a means to determine the three dimensional
quantitative structure activity relationship (3D-
QSAR). CoMFA is very rapidly advancing since its
introduction in 1988 by Cramer et al. It looks at
molecule in 3D from the viewpoint of the receptor
and describes the magnitude and directional
preference of electronic and staeric interactian. |
gives a graphical representation of the resultthef
analysis as 3D grid which represent regions where
steric bulk detracts or contributes to the agtivs
well as contours displaying regions where positive
negative charge favorable contributes to activity.
These data and representations can be used to guide
further synthesis and developed hypotheses fondiga
— receptor interaction. It has produced very good
correlation with enzyme and receptor binding site.
Recently an excellent review on 3D — Method of
QSAR has appeared.

field Analysis

6. Application of QSAR

Since the landmark publication of Hansch
analysis there is an explosion of literature déscg
its application in various areas of medicinal
chemistry. Apart from its predictive abilities, QBA
has helped in understanding the mechanism of action
of large number of drugs.

6.1 Information from the intercept values

Useful information can be obtained from the
intercepts in QSAR equation. Intercept represdrds t
activity of the unsubstituted compound in a series.
The activity increases or decreases depending®n th
substition which is reflected in the slope or regien
coefficient. In a regression equation if the inegtis
very high and slope is low, it indicates that tlasib
nucleus or the parent compound has high activity an
the contribution of the substituents is not sigpfit.

It also means that further variation of that paositi
may not result in large change in the activity. $hu
intercept is a measure of intrinsic activity. For
example alcohol and carbamates inhibit bacterial
luminescence as per equation 7 and 8 respectively.

Alcohols : log(1/C) = 1.17 (logP) + R.2.(7)

n = 8 r = 0.998 s 0.100

Carbamates : log(1/C) = 1.07 (logP) + 1.8

n = 7 r = 0.98 s 0.248

Both equation have similar slope and correlation
coefficients. But their intercept are 0.22 for dlots
and 1.36 for carbamets. From these values it &rcle
that the cabamates are more activity than the
alcohols. Similarly, the esters and alkyl carbamets
were studied for their narcotic action on tadpdtes

obtain the equation 9 and 10.

Esters : log(1/C) = 1.09(logP) + 9.6..(9)
n = 4 r = 0.994 s 8.093

Alkyl carbonates :
log(1/C) = 1.34(logP) + 1.61 ....(10)

n =5 r = 0.985 s = 0.192
The intercept values are 0.69 for esters and 1061 f
carbamates. Thus carbamates are more active than
the esters.

A close parallel was observed between the
antibacterial activities and hemolytic action for a
series of compounds. Due to similarities in their
intercept value, it was suggested that the mechanis
of action of these antibacterial agent is throuigé t
lysis of the membrane. Further the average intéscep
for many antifungal data sets were similar to thoke
the antibacterial agent that perturb membraness Thu
QSAR equation suggested that these antifungal
agents also act through membrane perturbation.
Many bis (arylamino) pyrimidines inhibit the grdwt
of bacterial and fungi. These compounds act by
interfering with pyrimidine metabolism and not by

6
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membrane action. The QSAR studies showed that the
intercept for these pyrimidines is very high congohr

to other antifungal agents that act through mendran
mechanism.

The above example show the importance of
intercept values in comparing different series of
molecules for a specific activity.

6.2 Importance of log Ry concept

The idea of optimum partition coefficient
log Py based on the parabolic relationship between

partition coefficient and the biological activitg an
important concept in drug design. log Po can be
easily calculated from the parabolic equation.

a + b (logP) + clogP)’
b/2(C)

log(2/C) =
log PO =

For example,

log (1/C) = 1.93 + 1.58 (log fg444 (log P)*
logPg = 1.58/2(0.44) = 1.8

log (1/C) =1.35 +2.38 (logP) 0.53 (log P)*
logPg = 2.38/2(0.53) = 2.25

Hanch had suggested that lggRs the ideal

lipophilicity for drug to pass the blood brain harr
For various CNS activity the following equation wer
obtained.

Analgesic activity of Hydroxycodenone esters :

log (BA)= -1.75 + 2.19 (log PP:34 (logP)*
.(11)
n = log R03.23

13,r =0.960, s = 0.307,

General anesthetic activity of ethers :
log (1/C) = 21.16+1.038 (log P) ©.22 (logP )~
=2.35

n=26, r=0.966, s=0.101, log PO

Anticonvulsant activity ( barbiturates,
benzodiazepines etc ) :

log (IIC) = 414 + 063 +0.85 (BY -
030 (legP)- ... (13)
n= 12,r= 0.915, s = 0.227, log £01.42

Hallucinogenic activity of Phenylethylamines :

log (1/C) = -3.17 + 3.15 (log R)
0.50 (logP)* .oooovvve. (14)
n=26 r=079,s =041, logP03.14

In the case of barbiturates and other hypnotics the
logPgwas about 2.0. The logP value of many CNS
drug was around 2.0. For example,
cholrodiazepoxide = 2.44, diphenylhydantoin = 2.47,
diazepam =2.82, etc. These results show that for a
compound to be CNS activity, it must have IlggP
around 2.0. This information is very useful in
designing a new CNS activity compound.
The concept of logfp has also given useful
information about compounds with activities other
than CNS.

Many triazines were studies for their
antibacterial activity against both S. aureus and E
coli.

S. aureus:
log (1/C)=1.0n -0.1T~ +2.68 ........ (15)
n =252 r=00916,s = 0.471g= 5.23

E. coli :
log (1/C) = 0.74 - 0.077T~ + 2.38
n =49, r = 0.852,

..... (16)
s = 0.4%y = 5.15

Based on the measured log P for one member of the
series logg =5.8 was obtained against both S. aureus

and E. coli. These results show that triazines ao n
offer scope for development as useful antibacterial
agents. To achieve useful potency log P would have
to be so high that the compounds will be strongly
bond to serum in vivo. This was also demonstrated
by the fact that none of them were active against
infected mice. Antibacterial activity from 21 soasc
against seven gram positive and four gram negative
bacteria were studied. From the regression equétion
was found that log PO =6 for structurally spexcifi
drugs that damage the cell membrane of gram
positive bacteria and logP= 4 for such activity

against gram negative bacteria. This suggested that
micelle formation is not importance because, irt tha
case logg would have been related to this type of

compound rather than the organism. Another
interaction information revealed from logRalue is

the fact that different tumors may show different
lipophilicity. For example in the case of N -
nitrosoureas against ascitic tumors such as L 1210,
the logRy obtained was about 0 (zero), where as solid

tumors such Walker 256 needs more lipophilic drug
with a logR) about 2.0. Absorption of drugs through

gastrointestinal tract or buccal cavity or skinalso
influenced to a great extent by the optimum
lipophilicity. It was found that favorable rangerfo
gastrointestinal absorption appears to be 0.5 @o 2.
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and for buccal absorption it is about 4 to 5.5. For

dermal absorption, favorable range extends ab6ut 2.
These are some of the examples of the

application of the logk concept both in designing a

new molecule and in understanding the mechanism of
action.

6.3 Bioisosterism

Since many years the concept of
biososterism has been applied, sometime
successfully, in drug design. But the concept resai
gualitative and intuitive. With the advent of QSAR,
one can now quantify the similarities. These cao al
be classified according to the physico- chemical
properties. Now it is possible to replace one group
with  other having similar properties both
qualitatively and quantitatively. One of the most
interesting application of biososterism based on
modern physico-chemical concepts is the discovery
of cyanoguanidine as the bioisostere of thiourea,
which resulted in the development of H2
antagonists. Two derivatives (metiamide and
burmamide) with a thiourea [NHC(S)NHR] group in
the side chain under went extensive clinical trials
But because of the side effects they were abandoned
The side effects were attributed to thiourea group.
Hence efforts were made to replace thiourea with
another bioisosteric group. A guanidine isoster,
where C=S is replaced with C=NH, resulted in
increased basicity and reduced activity. To de&eas
the basicity, an electron withdrawing group like -
NO2, -CN were introduced into the guanido group.
Out of them the cyanoguanidine group -
NH(C=NCN)-NHR was found to be an ideal isoster
for thiourea —NH(C=S) -NHR with reduced basicity
and increased activity resulting in the famous drug
cimetidine. These groups are bioisoster with respec
to their partition coefficient, dipole moment,
tautomeric form and other physico-chemical
properties. It is interesting to note that another
clinically useful analog, ranitidine has a differside
chain where thiourea is replaced with -
NH(C=CHNG,) -NHR group. The logic remains
same.
6.4 Information on receptor site

Our knowledge and understanding of the
receptor sites has enhanced significantly from QSAR
studies. One of the most widely studied systerhés t
inhibition of dihydro folate reductanse(DHFR) by
benzyl pyrimidines and other compounds. For a
series of benzyl pyrimidines (Trimethoprim typeg th
following QSAR equation were obtained for the
inhibition of DHFR from bovine liver and from
E.coli.

Liver DHFR

log (1/IC) = 0.62&3 + 0.3356 + 4.99
.................. 17)
n=23 r =0.93% = 0416
E. coli DHFR :
log (1IC) = 1.3BIRj.+ 0.82MR}+ 577
.............. (18)
n = 23, r = 0918, s =025

In the equation 17, the electronic terms accoumts f
less than 10% of the data variance and is thusafnly
marginal importance. It was therefore concluded tha
the inhibition of mammalian enzyme is related te th
hydrophobicity. In the case of bacterial enzyme the
situation is different. The hydrophobic effects are
absent and the inhibition mainly depends on thé& bul

of the substituent. In this equation I@‘IRepresents
MR value but only up to 0.79. For higher values of
MR, the value used was 0.79. It was based on the
assumption that only a certain fraction of larger
substituents in the 3 and 4 position content the
enzyme so that inhibition will not change with a
substituent bulk above a certain size defined by?MR
0.79. These studies suggest that a molecule with a
hydrophilic substituent at 3 positions will havevier
activity against mammalian enzyme (hence low
toxicity), and a molecule with optimum steric btk

3, 4 and 5 positions will have high activity agains
bacterial enzyme. This may explain the high potency
and low toxicity of trimethoprim where a hydrophili
—OMe is present at 3 position.

Studies from QSAR on Quinazolines has
given a crude map of binding site of dehydrofolaie
DHFR. In all correlation equation a hydrophobic
parameter for the substituent at 5 positions of
guinazolines appears with a large positive coedfiti
so the region of space into which 5 substituents
would project is characterized as hydrophobic. Such
a hydrophobic pocket is inferred from the QSAR for
both mammalian and bacterial DHFR. Studies with
triazines have provided evidence that this
hydrophobic pocket is larger in bacterial enzymanth
the mammalian enzyme. A similar study has been
conducted for papain. QSAR and x- ray studies
suggested that the amide part of the substaratks bin
with the hydrophobic cleft of the enzyme. This was
further confirmed by the synthesis of new analogs.

Result from QSAR studies were used to
formulate a working hypotheses for centrally acting
a- receptor agonists. Broadly it show that the rémep
accepts electrons for the donor protonated drug. In
the case of clonidine type, an electron deficient
phenyl is required and one side of the phenyl
dominates the steric requirements.
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A useful picture of3- receptor is emerging
from QSAR studies. Steric factors were found to be
useful in differentiating-1 andp-2 effects.

In the case of progesterone receptors it was
found that polar groups reduces the binding but
nonpolar groups increased or decreased the binding
depending on whether the nonpolar group is present
in the hydrophobic pocket of the receptor that appe
to be near the § 118, 160, 170, 173, 18 and 21
position of the rabbit progesterone receptor.

Thus QSAR studies can give very useful
information about the receptor or enzyme surfaces.
This information can be utilized in drug design.
Many attempts have been made to combine QSAR
with  X-ray analysis. Such attempts are
complimentary to each other and can be very
valuable.

6.5 Importance in Drug Research

One of the important objectives of QSAR is
to get useful information for the synthesis of more
active or less toxic compounds. QSAR has correctly
predicted the activity of large number of compounds
before their synthesis. Example of correct prediti
which was verified experimentally is increasing
every day. Franke has listed around eighty such
examples. It is reasonable to assume that many more
examples are with the pharmaceutical companies
which are not revealed for obvious purposes. Many
times, QSAR analysis has helped in terminating the
synthesis.

Colchicine is a potent inhibitor of cell
division and has a potential as an anti-cancer.drug
But its extreme toxicity has limited its use. Seler
modification have been made and the QSAR study
resulted in equation 19.

log (1/C) = 0.67(log P) @.19(log P)*+
1.77 + 4.13

n = 16 r = 0927 s =
| is the indicator variable for the presence of the
group -COCH at 10 position. On the basis of the

above equation, twelve new compounds were
designed, synthesis and tested. Out of them nime we
found to be active. Inclusion of these compounds
resulted in equation 20

log (1/C) = 0.58(log P) 8.20(logP)*+ 1.721 +

4.22
n = 25, r = 0.883,
It is interesting to note that both equation 19 and
are similar in many respects. Toxicity studies e t
same data resulted in equation 21.

log (1/LD5g) = 0.40(log P) —0.14(logP)*+
1.241 +3.65 e, (21)
n = 26, r = 0.790, s = 0.564

The equation 21 is very similar to equation 20
indicating a strong correlation between the agtivit
and the toxicity. Based on these results, the autho
decided to abandon further variation in this series
This is one of the examples where QSAR correctly
predicted the activity and also gave the clue that
activity and the toxicity are related hence further
synthesis may be terminated.

Another example of successfuldargon
of potency is in the case of erythromycin estete T
antibacterial activity of the ester resulted in the
equation 22.

log (1/C) =1.26 + 1.33(log P) —

0.269(logP)?+0.894E 7 +0.799E!

0.965, s = 0.13

This equation correctly predicted the potency of 33
additional analogs. When these new analogs were
included in QSAR, the equation obtained was similar
to equation 22. The establishment of this regressio
equation with an optimum log P and negative steric
effects helped to take the decision that synthekis
further analogs must be terminated.

There are many examples where further
synthesis was discontinued because QSAR analysis
suggested that toxicity and activity are correlaad
cannot be separated. In the case of aromatic eitrog
mustards, QSAR suggested that electronic parameter
is important for the activity (equation 23).

log (1/C) =
n = 9, r =

- 026, -1.620+ 3.66 ..(23)

0.840, s = 045

Presence of electron donating group results
in increased in activity. Unfortunately, the toxyci
parallels the activity of QSAR of the toxicity data
resulted in the equation.

log (1LD5g) = -0.2%, -1.580 + 3.48
(24)
n =9, r =093 s = 0270

In the equation 24 also electronic parameter iy ver
significant. Both equation 24 and 23 are highly
comparable. Thus any effort to increase the agtivit
will result in the increase in the toxicity. Simila
results were obtained with another class of antiean
agents, bis(l-aziridinyl) phosphinyl carbamates.

9
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Equation 25 and 26 are QSAR analysis of their
activity against Walker 256 tumor in rats and
toxicity respectively.

log (1/C) =
n = 10, r =
log (1/LDgg =
n =10, r =

2.78*g + 3.34 ...(25)

0.949, s G:260
1.7% *R + 3.03 ...(26)

0.77, s 39

The activity and the toxicity are highly correlated
terms of electronic parameter.

Anthracyclines are another class of
important clinically useful anticancer drugs. Blogir
use is limited to their cardiac toxicity. In aneattpt
to use QSAR to separate anticancer activity and
cardiotoxicity, Fink et al derived a quantitative
structure selectivity relationship (QSSR).From the
data against B-16 melanoma in mouse equation 27
was derived where C is the molar concentration
giving a 25% increase in life span in the test grou

log (1/C) = -0.4l1llogP + 0.483 + 0.8111 +
6.57 . (27)
n =23 r = 0.870, s 0.290

The indicator variablég refers to the
presence of 4-OH group ahg refers to the presence

of a lipophilic hydrazone at position 9.
Cumulative cardiotoxicity is given by equation 28.

log (1/C) = -0.30logP + 1.04 + 0.691;
+ 07415 + 482 ... (28)
n =21, r =093, s = 0180

It is similar to equation 27 but with additional
indicator variablel 5 which refers to tertiary amino

group. From these relationship the effect of
lipophilicity on both activity is almost equivaleahd
form these data it appears that the separation of
activity and cardiotoxicity may not be feasible.

In the case or anti-inflammatory agents,
QSAR analysis suggested that in a series, maximum
activity has been reached and thus further analogs
need not be prepared. In case of nitroimidazole, th
fear of carcinogenic potential has encouraged many
to search for non nitro derivatives. But QSAR
studies, correlating half- wave reduction potential
with activity, has clearly demonstrated that such
efforts are futile. In case of diphenhydramine agal
QSAR study showed a negative contribution from
partition coefficient for the antihistaminic actiyi
This implies that increased hydrophilicity resuits
enhanced activity. It opens up the possibility of
discovering a good antihistaminic agent free from

CNS side effects, since increased hydrophilicityt wi
prevent CNS entry.

Dearden reported the QSAR studies on the
anti-inflammatory activity of aspirin series. The
equation 29 was suggested for the anti-inflammatory
activity by rat paw oedema assay.

log (1/LD50) = 1.03(log P)@.20(logP)™-
n=28 r = 0966, s =0.113pg Rjh=2.6

In this equation L and $ are Verloop steric

parameters for substitutions at 4 positions.
Rainsford derived equation 30 for the
ulcerogenic activity of aspirins.

log (1/Gg = 1.21(log P)@.30(logP)"-
0.760+0.08 ... (30)
n= 10, r = 0613, s = 0.70&g Ry=2.0

Although Rainsford equation is statistically
not very good with small sample number, it is
interesting to note that apart from log P parameter
there is an electronic parameter which is absent in
equation 29. Thus, ulcerogenicity has a preferéoice
electron donating substituents. From these equation
one can draw a conclusion that electron withdrawing
substituent, lipophilic enough to produce a logoP f
the molecule around 2.6, should produce the
maximum separation between the anti-inflammatory
activity and ulcerogenicity.

In the above examples useful information
were gleaned from QSAR equation. Topliss
suggested an empirical scheme for the selection of
substituents for the synthesis. This scheme isdbase
on the physico- chemical parameters like
hydrophobic, electroniand steric parameters. In this
scheme, each compound is synthesized and tested.
Based on the comparative activity with the previous
compound, the scheme suggested the next
substituents to be selected for the synthesis. Tinen
compound will be synthesized and tested. The
scheme suggest further substituents for the next
synthesis. The scheme is called Topliss scheme.
There are two schemes, one for aromatic substguent
and another for aliphatic. For example, in the aafse
aromatic compounds, the first analog to be made is
para- chloro derivative. If it is more active thdre
parent, then the hydrophobic or electronic effect o
both may be contributing to the activity. In thatse
next compound to be synthesized is 3, 4 — dichloro
derivative. If it is more potent than para- chldhen
the third compound to synthesized should be 33;CF

4 —Cl| derivative. On the other hand if the first

10
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compound para chloro is less active then the scheme
suggests para methoxy derivative. If a para- chloro
derivative is equally active as parent moleculenthe
the scheme suggests para methyl derivatives. & thi
way the scheme guides the synthesis every stage. Th
study shows that in the case of anti-malarial &gtiv

of Quinones about 295 compounds were synthesized
and tested and using Topliss scheme an equipotent
analog would have been reached by synthesizing only
5 compounds. In the casef adrenergic activity of
phenyl ethyl amines, only 3 compounds were
sufficient through Topliss tree whereas 9 compounds
were synthesized. About 19 compounds were
synthesized for the antibacterial activity of pytid
anilines where only 5 compounds would have been
sufficient to obtain most active derivative through
topless scheme.

Topliss further modified his scheme where
initially only 5 compounds are to be synthesized.
Based on their order of activity more specific
compounds can be synthesized using his modification
scheme.

6.5.1 Success story of PCA inhibitors

Developed of anti-allergic pyranen-amines
by Cramerat smith Kline and French Laboratories is
one of the finest examples of the application of
QSAR methodology. The study began with 19
compounds. These compounds were selected based
on Topliss scheme. However, analogs based on
Topliss scheme did not produce any significant
increase in the activity. Hence, many other analogs
which were bioisosters were synthesized. These
analogs showed similar activities. Out of all these
compounds the most active one was the 4-OH
derivative. QSAR analysis of the data resulted in a
modest equation 31

psg = - 0.72 - 0.B& -1.35

n = 19, r = 0.701, s=

Here pkqg is the activity of passive cutaneous

anaphylaxis (PCA) response in rats. The equation
suggests that activity increases with the redudition
partition coefficient and electronically neutral
substituent§ = ®). Based on the equation, additional
compound with variety of hydrophilic substituents
were prepared and tested. The activity increased
about six times compared to the earlier series. RSA
with these new compounds confirmed the earlier
observation about hydrophilicity and electrnically
neutral substituents. It further refined the infatian
about H — bounding and an indicator variable fer 4
acyl group. It also suggested that increasing ibe s
of substituents at meta position will enhance the

activity. Based on this information, further syrdtse
was carefully planned. Synthesis of certaimalogs
required considerable synthetic effort. Finally thi¢
compounds were subjected to QSAR (about 100
compounds). The potent compound found was about
1000 times more potent than a member in the otigina
series. The activity predicted by QSAR was 2.3 and
the actual activity was 3.0. Several featureshef t
pyranen-amine development illustrates the power of
QSAR. The original series of 19 compounds was
already considered as sufficient SAR. But QSAR
suggested the hypothesis that increase in
hydrophilicity results in increase in activity, vehi
resulted in about 80 compounds with higher activity
than the original set. Finally, some of the compsun
synthesized would not have been attempted without a
QSAR guideline since these were unusual and their
synthesis was too difficult.

6.5.2 From QSAR to Clinics

Many compounds developed using QSAR
methodology have reached clinical significance.
Muzolimine is a potent, high ceiling, potassium
sparing diuretics. A simplified topliss scheme
suggestedrn,*o contribution. This resulted in the
selection of 3,4-dichloro analog. A new cardiotonic
agent, Ar-L115 was developed using a novel QSAR
based method that makes use of the theory of sets.
Since cardiotonic activity is seen in imidazoles,
calcium complexing agents etc., these two features
were selected and many subsets were defined.
Optimization of the lead and use of cluster analysi
resulted in the discovery of Ar-L115. In the des@fn
acridines as potential anticancer agent more than
seven hundred derivatives have been synthesized
studied by Cain and coworkers at the cancer
chemotherapy Research Laboratory in New Zealand.
These compounds have been extensively studied
using QSAR methods. About 509 compounds were
included in deriving a QSAR equation, which
contained about 13 variables giving a correlation
coefficient of 0.878. QSAR studies on the toxiafy
acridines (n=643, r = 0.771) suggested that the ant
cancer activity is related to the toxicity. Onetbé
analog from this group m- AMSA showed promising
results and has reached clinical stage. RS- 51288 i
potent, selective non depresspreblocker which did
well in clinical trials was developed with the aidl
QSAR. RS-51288 has a unique side chain. Short,
bulky, moderately lipophilic group was suggested by
the QSAR analysis of the adenylate cyclase data.
This resulted in the search which ended with the
unigue side chain of endobicyclo h- exylethyl.
However, in clinics, its potency was not sufficiéot
commercial development. QSAR of 2 — Phenyl — 8 —
azapurin- 6- ones as anti-allergic agents suggested

11
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ortho substituent with small size, good hydrogen

bonding property. The 2- propoxy derivative redilte

in clinically active compound which can be given as

aerosol. The discovery of cimetidine based on the
modern concept of bioisosterism and the story of
pyranenamines where potency increased by about
1000 times has been already mentioned.

6.6 applications of Free — Wilson model

Free — Wilson method is almost like
performing QSAR analysis using only indicator
variables and without any physico — chemical
parameter. Although the limitations of such method
is obvious. Free- Wilson method has been used in
many cases to obtain useful information. The
antimicrobial activity of Quinoxaline 1,4-dioxider
was analyzed by Free — Wilson method. The analysis
was very useful in predicting a more potent analog
that otherwise would not been made. Although &l th
compounds with —COCHsubstitution showed only
modest activity, the Free- Wilson analysis revealed
unexpectedly large contribution. The final compound
synthesis using this information was not only pbten
in vitro but showed potent in vivo activity. In gher
application analgesic activity of semi-synthetioip
narcotics, morphinan — 6 — ones analysed by Free —
Wilson method. The analysed showed that if phenolic
and nonphenolic members of this series act on the
receptor, they must bind at different sites or iact
alternative mechanism. In the case of erythromycin
esters, Free-Wilson method was more useful than
Hansch method. Firstly the type substituents were
various combinations of OH, OCOH, OCOCH3 ,
OCOC2 H5. Hence Free — Wilson method was an
ideal choice. For Hanch type analysis broader
variation in the substituents would better. TheeFre
Wilson analysis resulted in an equation withof
0.986 and s of 0.072. The same data was also
subjected Hansch analysis whish resulted in an
equation with T = 0.945 and s= 0.127. Because s is
larger than that from Free- Wilson equation, it was
concluded that the the physicochemical propertees d
reflect the activity properly. Free — Wilson method
has also been applied to peptides. Since the only
variation is the individual amino-acid and one dx n
come across many types of substituent. Free — Wilso
method is suitable for the analysis of peptide.e;ldr
one assumes that the contribution of each amire aci
the activity is not influenced by any other amino-
acid, then using free — Wilson analysis, the irdlinl
contributions of the amino-acid can be quantified.
The method has been applied to ACTH related
peptides, bradykinin potentiating peptides and mothe
peptides.

6.7 Quantitative Structure Pharmacokinetic
Relationship (QSAR)

Influence of physiachemical properties in
the absorption, distribution, metabolism and
excretion (ADME) has been widely studied using
QSAR methodologies. It is known since long time
that absorption, penetration into the brain and
metabolism by liver increase with increasing log P,
whereas urinary excretion decreases with increasing
log P. However, QSAR analysis has shown many
deviations from the linear relationships. The optim
partition coefficient for gastric, buccal and detma
absorption are given in section 6.2. Lipophilicisy
also important for protein binding. However,
structural features influences protein binding. Jlau
plot of binding constant ( human serum albumin)
against log P for various types of drugs does ha g
a single regression line but several parallel lines
Many studies have shown the relationship between
the metabolism of compounds through microsomal
system and physicochemical properties.

6.8 Quantitative Structure Toxicity Relationship
(QSTR)

Currently, QSAR methods are increglyin
applied in the area of toxicology and ecological
sciences. Several attempts have been made to fpredic
mutagenicity of the compounds using QSAR. For
example, Hansch and his group studied aromatic and
hetero-aromatic amines for their mutagenicity using
Ames test. The study showed that the hydrophobicity
is the most important determinant of the relative
mutagenicity and other factors like steric and
electronic parameters are of secondary importance,
while the size of the aromatic ring system has kmal
or no effect on the mutagenicty. The same group
extended their work to nitro compounds obtain a
bilinear equation. QSAR was also useful in studying
carcinogenicity and mutagenicity of various amines.
A significant correlation between mutagenic and
carcinogenic potencies was observed. In the case of
quinolines, mutagenic potential was correlated with
log P and electronic parameters. It was suggehted t
2 — position of the quinoline is the site for mettab
activation. Lipophilicity was found to influenceeth
bio-concentration of pesticides in food chain. DDT

and other chlorinated hydrocarbons which are
lipophilic are frequently involved in the
environmental toxicity, whereas, more polar

phosphates are considered relatively safe. However,
Leptophos has been implicated in the human
neurotoxicity. It has a log P = 6.31 which is stigh
above that of DDT (log = 6.19). In many series of
compounds, the toxicity data like LD-50 has been
found to correlates with the physico — chemical
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properties. Many such examples are given in section
6.5.

7 Conclusions
This chapter is a brief introduction to
QSAR, especially Hansch analysis and its applioatio
in drug design. The physicochemical parameter and
the methodology have been described only to the
extent which helps in appreciation the applicatidn
QSAR. There is a cadency to look at QSAR only as a
predictive tool but the important of QSAR is much 1.
beyond its predictive potential, frequently the
predictions based on QSAR fails. The reasons fer tho.
failure can be understood if one appreciates the
limitations of the technique. The major inputs of 3.
QSAR are biological activity and physic chemical
parameters. There are many problems in measuring,
the biological activity in an accurate manner. The
animal data often has a large standard error. Whilg,
testing large number of compounds the number of.
animals used will be a limitation, especially when
has to be tested at many doses. It is equallycdiffi
to express a three dimensional compound in terms of
physic chemical properties. Stereochemistry is a
major challenge to QSAR. Several attempts haves.
been made to study chiral drugs by QSAR but with
varying results. In the last two decades QSAR hag.
played a major role in developing medicinal
chemistry into a more rational science. It ha cleaing
the whole paradigm of medicinal chemistry.

computer aided drug design techniques like

molecular graphics, 3D QSAR, multivariate analysis]3.

etc. its importance will be appreciated more andemo
in the years to come. The affair has just started.

Limitation

Measuring the biological activity in accurate.

For listing the biological acting large animal ugin
Difficult to express 3 D component in term of plrysi
— chemical properties.

Chiral drug study may be difficult.

It 10.
brought computer literacy to the subject whichq1.

greatly helped in assimilating more sophisticated 2,

14.
15.

16.
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