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PREFACE

Long ago it was proposed that the biological activity of a compound
is a function of its chemica! structure. Today, biological activity is
considered as a function of physicochemical properties. With this concept,
structure-activity relationships (SAR) are developed when a set of
physicochemical properties of a group of congeners are found to explain
variations in biological responses of those compounds. This resulted in
discovery, examination, and interpretation of SAR in a more systematic

way, which led to the introduction of quantitative structure-activity

relationship (QSAR) studies.

The discovery of benzodiazepines and their receptors have opened a
new era in the discovery and characterization of drugs acting on the
'central nervous system. The BZR, however, no longer signifies a receptor
that selectively interacts with ligands belonging only to the BZ class of
compounds. A variety of non-benzodiazepine series of compounds have
been identified as endogenous ligands for BZRs. Therefore, it became
essential to study the actual mechanism of interaction of compounds with
benzodiazepine receptors. Quantitative structure-activity relationship
studies provide a deeper insight into the mechanism of drug-receptor
interactions, hence attempts have been made to make QSAR studies on
some non-benzodiazepine series of ligands of varying molecular
Structures. The study also may 'be of great help in rationalizing the drug

design.

This thesis contains three Chapters. Chapter 1 presents an
introduction to benzodiazepine receptor (BZR) ligands, and also a

discussion on QSAR, its applications and Iimitations. Chapter 2 discusses

i



the significance of different physicochemical parameters used in the
correlation study and the methods of their calculation, and Chapter 3
embodies the results and discussion of our QSAR studies made on a

variety of non-benzodiazepine series of BZR ligands.
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Chapter 1

" Introduction



1.1 Benzodiazepine Receptor (BZR) and Ligands

Benzodiazepines (BZs) (1) are widely used as centrally acting
therapeutic agents.! They can be used in the pharmacotherapy of anxiety
and related emotional disorders, in the treatment of sleep disorders, status
epileptics and other convulsive states. They also act as centrally acting
muscle relaxants and can be the drugs of choice for medication and for
inducing agents in anesthesiology. Thus, the discovery of BZs and their

receptors opened a new era in the discovery and characterization of drugs

acting on central nervous system (CNS).

The pioneering and explorative synthetic work by Sternbach in
early days of the BZ era led to the development of compound 2 with its
unusual pharma.cological profile. While its structure was -studied by
Sternbach and Reeder,’” its sophisticated pharmacological tests were
done by Randall and his staff.’ It was given the generic name

®

chlordiazepoxide and was launched under- the trade name Librium®. The



synthesis of this compound was rapidly followed by its derivative

diazepam (3), which was given the trade name Valiumfe

A number of related compounds were synthesized by Sternbach and his

group after the success of these two drugs.
H,C\

®
G

3

C

By the end of 1983, about 35 bcnzodiazep‘ine drugs were available
for therapy. However, the mechanisms of action of these unusually well
tolerated and broadly effective drugs remained obscure for years, as the
discovery and characterization of benzodiazepine receptors (BZRs) from
the brain tissue came much later than the synthesis of chlordiazepoxide or
diazepam.®® The recognition of.the BZRs was rapidly followed by the

development of the in vitro binding assay  which was capable of



expeditiously screening a large number of compounds regardless of the

structural type. '%!!

The finding that the BZR is coupled 1o the y-aminobutyric acid
(GABA) receptor and is part of the GABAa—controlled chloride ion
channel (BZR/GABA4/Cl™ ) supramolecular complex led to the discovery
that BZs are not directly responsible for their observed biological
activity but act as modulators of GABA binding to its receptor, which
then directly alters the gating of the GABA dependent transmembrane
chloride ion channel.'>'*> GABA acts on at least two different receptor
types: GABAs and (',‘rABAL‘sB.“'"8 GABA, receptors are part of a
supramolecular complex that include the benzodiazepine, the barbiturate,
the picrotoxin, and the ethanol receptor sites and also gates a chloride
ionophore as shown in Figure (1.1), whereas GABAp receptors are found
in both CNS locations and peripheral tissues. It was shown that BZs bind
with high affinity and specificity to GABAa receptors, activation of
which increases chloride conductance and inhibits neuronal activity by
hyperpolarization and depolarization block.

The benzodiazepine receptors may be, like other pharmacological
receptors, proteins, glycoproteins, or nucleic acids. However, little is
known about the chemical structure of BZ binding sites. It has been
proposed that tyrosinal residue in or very close to the binding site plays a
crucial role in the recognition and binding of ligands.'® It has also been
concluded, however, that histidine might be involved as an essential
contact residue.?® Additionally, BZRs have also been found to possess

glycoprotein qualities, where carbohydrate moieties are supposed to affect

3



Binding Sites on GABA, Receptors

GABA site

bernzodiazennes AN
arlagoness

Subsynaplic membrane

Figure(1.1): Schematic diagram of the GABA, receptor channel with

the various known binding sites



the biological response of BZ ligands, but it has not been decided yet
whether the carbohydrate moieties are involved in the binding of BZs or
whether they influence the conformation of the binding site.?! The BZR,
however, no longer signifies a receptor that selectively interacts with

ligands bélonging only to the BZ class of compounds.

Certain purines, cyclopyrrolones, triazolopyridazines, phenylquino-
linones, P-carbolines, and some other structurally different non-BZ
molecules have been identified as endogenous ligands for BZR.?? Also,
there are BZs that interact highly specifically with a completely different

- ‘ : 2325
receptor, such as tifluadom, with the opiate x receptor. 2*2

1.1.1 Types of BZR Ligands

Three different types of ligands have been identified for BZR; they
have been termed by Haefely as full agonists, full antagonists and full
inverse agonists.?® The first and third types act as allosteric modulators of
the GABA, receptor complex, producing mirror biological effects, and the
second type acts as a true antagonist at the receptor for the former, but
shows no effect on the binding of GABA (Figure 1.2).*” Therefore, the

ligands that exert a positive cooperative effect on GABA binding to its

receptor complex, resulting in a full biological response over the

Complete, agonist profile, i.e., positive intrinsic efficacy, are known as

full agonists, and the ligands that exert a negative cooperative effect on

GABA binding to its receptor and, when compared to agonists, show a



full antagonist

_ tull inverse
intrinsic activity agonist -

full agonist

Figure (1.2):A schematic representation of the three different types

of ligands



mirror image biological response over the full inverse profile of activity,

l.e., negative intrinsic efficacy, are known as full inverse agonists.

Finally, full antagonists are the ligands with high affinity for BZR,
having no modulatory effect on GABA binding to its receptor complex,
and showing no relevant biological effects of their own, but blocking the
effects of both agonist and inverse agonist ligands, i.e., no intrinsic
efficacy. While some compounds are known to be full agonists, such as 3
and 4, full antagonists, such as 5, or full inverse agonists, such as 6, the
majority of compounds that have been synthesized and found to bind to
the BZR, regardless of structure, show properties combining agonistic
with antagonistic or inverse agonistic with antagonistic features. Such
compounds are known as partial agonists or partial inverse agcmists.22 The

example for the former may be 7 and for the latter 8.

Biological properties of full agonists, antagonists, and inverse
agonists acting through BZR are shown in Figure (1.3). However, this
classification is best considered as purely based on phenomenology and

thus there seems no general rule that would help to decide which of the

BZR ligands is an agonist, antagonist, and inverse agonist.

1.1.2 Interrelationship of Ligands

The three types of ligands, discussed above, exhibit an

interrelationship, which can be explained on the basis of changes in the

» . . . 28,29
conformation of the receptor from 1ts unoccupied resting state.
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Figure(1.3): Pharmacological properties of BZs
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After primary recognition of the essential binding pharmacophores,
the receptor will undergo a shift to either an agonist or an inverse agonist
conformation, based on the geometry and hydrophobic nature of the
ligand. This conformational change, probably energy driven, then
allosterically modulates the binding of GABA to GABAA receptor. It is
proposed that no conformational shift takes place when a full antagonist
binds to the resting state of the BZR, and it would therefore be expected

that such a ligand-receptor complex would show no efficacy at the GABA

receptor. >’

This model for explaining the interrelationship of ligands is known
as the three-state receptor model. An aiternative two-state receptor model

has also been proposed, in which the unoccupied receptor is in

Prea e g . . . . 20
equilibrium with agonist and inverse agonist conformations.

1.1.3 Homogeneity of BZR

It has been observed that there exists a homogeneity in BZR binding

sites for ail the three types of ligands. This homogeneity is defined purely

in the chemical sense, i.e., it is the amino acid sequence for the recepior

protein that should be identical for all three sites. The homogeneity of’

BZR binding sites has been demonstrated for compounds having only

minor structural modifications, which showed similar binding interactions

but which displaced activities across the full spectrum from agonist to

antagonist to inverse agonist.
10



While compounds 5, 9 and 10 present an example for the imidazo-
benzodiazepin-6-one series,’! analogous observations have been made for
B-carbolines (11), pyrazoloquinolines (12,13,14), etc. Several structure-

activity relationship studies have also supported the homogeneity of

BZR. *?
CH, (\,
/
5= %—<°‘r
/ 8] \NJ\_‘
\
a & CH,
NcH
cl o )
Ro-15-3505 (9) Ro-19-0528 (10)

Inverse Agonist Agonist

1.14 Compounds Studied for BZR Binding

The benzodiazepine receptors, as such, exhibit a very high

specificity for pharmacologically and clinically active BZs and the

indings in BZs are only the

(Figure 1.4). The

minimum structural requirements for b

aromatic ring A and the carbonyl group in position 2
substituents at ring A, the 4,5-(methylene imino) group, the substituted or

unsubstituted N1, and the 5-phenyl ring have been shown to produce little

s : . . 7
effect on in vitro binding.’
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The aromatic ring is believed to undergo m/m stacking, probably
with amino acid residues, within the receptor, and the carbonyl oxygen

acts as a proton acceptor and is arbitrarily labelled as &, 29-33-3¢

\, ™

S

a\N
-

Figure (1.4):The minimum structural requirements (encircled) in BZs for

binding with BZR.

There are now, however, a variety of non-benzodiazepine molecules
that bind to BZRs in the same molar range as BZs and exhibit in vive
biological response either as agonists, antagonists,or inverse agonists.?*:3

It becomes, therefore, essential to find the common features of ligands

that allow for recognition by the receptor regardless of the type of in vivo

activity and gross structural features.

For this purpose, families of non-benzodiazepines (non-BZs) such
as B-carbolines (11), pyrazoloquinolines (12-14), pyridodiindoles (18),
- [1]benzopyranopyrazolines (16,17), [1]benzopyranopyrroles (18), (11ben-
Zopyranotriazoles (19), pyrazolonaphthyridines (20), pyrazoloisoquinolin-

es (21), [1,2,4])triazoloquinazolines (22), [1,2,4])-triazolophthalazines (24),
12



imidazophthalazines (28), dipyrazolopyridines (26), [1,2,4]triazolopyrimi-
dines (27), 9-benzyl-9H-purines (28), indolyl glyoxylyl amino acid
derivative (29), and indolylglyoxylylamine derivatives (30), in addition to

those of BZs, were studied for their in vitro binding with BZRs.

Y

——

\

R
B - carbolines (11)

o o

I
!

T -

(12) (13) (14)
pyrazoloquinolines
E Y
X Ne=—N
[
N X |
i
pyridodiindoles (15) [11benzopyr anopyrazolines (16)

13
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1.1.5 Structure-Activity Relationship (SAR) Studies

There have been many structure-activity relationship (SAR) studies
on ligands binding to BZRs.?>?” Though the early studies were concerned
with the compounds of BZ series, more recently all of the known different
structural classes of compounds capable of binding to BZRs in the
nanomolar range have been included. The simple in vitro binding test is
relatively well suited for the screening of a large series of compounds and
proves useful in detecting compounds acting directly on the receptor,
distinguishing them from compounds requiring in vivo metabolic
transformation in order to become active (prodrugs). Because of this
metabolic transformation of many compounds before they become active,
the in vivo data are not found to be useful for SAR studies. The in vitro
data usually refer to the molar concentration of drugs leading to a 50%

inhibition of [*H]diazepam (3) or [*H]flunitrazepam (31) binding to BZR

and are generally expressed by ICso or Isa.

HiQ

‘-"'N

O,N

3

While it is essential for a meaningful SAR study to distinguish

between the agonistic, antagonistic, and inverse agonistic activities of the

16



ligands, usual conditions of the binding test do not allow such a
differentiation. Hence, it could be assumed that different ligands exert
their effects by interacting at the same site, each influencing differently
the conformation of the receptor glycoprotein  environment, which
modulates allosterically the BZR, the supramolecular GABA receptor,
and the chloride ionophore. The present thesis reports QSAR of some of

the non-BZ compounds, underlying the common structural features

necessary for their BZR binding .
1.2 Quantitafive Structure-Activity Relationship Studies (QSAR)

Earlier, the drug development process involved only random

molecular modifications to make qualitative differences in a lead

molecule. These random screening methods, which used to be considered
as the normal procedure, are extremely expensive and, at the same time,
less efficient. In the early 1960’s, one could expect to discover a
marketable compound out of 2000-3000 tested molecules, whereas this
ratio is now close to 1 in 10,000. With the dramatically increasing costs
of biological tests, fast access to accurate and reliable information on the
drug candidate or similar molecules and the possibility of designing and
testing accurate models of chemical structures and interactions, in order
to simulate the behaviour and physicochemical properties of a drug

molecule and the interactions between a drug and a receptor, have become

mandatory.

17



Crum-Brown and Fraser were the first to suggest that physiological

activity depends on “constitution”, framing it in the mathematical terms

of the following equation.**

¢ =f(c) (1.1)

Today biological or therapeutic activity is considered to be a
function of physicochemical properties. With this concept, structure-
activity relationships are developed, when a set of physicochemical
properties of a group of congeners is found to explain the variations in

biological responses of those compounds. This has resulted in the

discovery, examination, and interpretation of structure-activity
relationships in a more systematic way, which has led to the introduction

of quantitative structure-activity relationship (QSAR) studies.

The correlation of molecular structure with biological activity is at
the heart of modern medicinal chemistry, being fundamental both to our
understanding of how drugs act, and to the rational design of more
effective analogues. Over the last few decades, considerable advances
have been made in studies of structure-activity relationship, largely
because of the trend towards expressing all aspects of “structure” in
quantitative terms relative to some standard. The most significant

contributions to this endeavour have been made by an organic chemist

40-42
Hansch and co-workers.

The quantitative approach to understanding drug action- depends
upon the ability to express structure by numerical values, and then to

18



relate these values to corresponding changes in activity. The response is
going to be determined by the structure, i.e., by the physicochemical
properties of the compound, and within a closely related or so-called

congeneric series of compounds changes in structure can be related to

changes in biological activity.

The QSAR study tries to explain the reasons of observed variations
in biological activities of a group of congeners in terms of molecular
modifications or variations caused by the change of the substituents.
QSAR studies generally have two important aspects: predictive aspect and

diagnostic aspect. The predictive aspect, as the name implies, deals with

the extrapolation and interpolation of a correlation study to identify

synthesis of more active derivatives and to avoid the synthesis and testing

of derivatives of same or equivalent activity, minimizing the time needed

to find a better derivative. The diagnostic aspect, on the other hand,

answers mechanistic aspects of the reaction, i.e., it helps to obtain the
information about the type of binding forces involved and about the mode
of actions of drugs. Results of both these aspects can lead to a tailor-made

design of new drugs of better activity with lesser or no side effects.

Some important approaches used in QSAR studies are: the

‘ . 43
nonparametric methods like Free-Wilson approach™ or Fujita-Ban
40:42 4. TR
approach,** the parametric method developed by Hansch, discriminant
. . : 46,47 .
analysis,*> and the pattern recogniion technique. Various factors

such as quality of the biological data, number of compounds tested,

degree of variance in the results, and ratio of the time required for

19



synthesis and biological testing dictate the choice of approach for the

QSAR study.

The most popular and widely used approach continues to be the so
called Hansch apprc>:u:h,“°'42 where the variance in biological effect
(ABE) is explained by the variance in certain linear free-energy related
substituent constants which describe the changes in lipophilic/
hydrophilic (AL/AH}, electronic (AE), steric (AS), and other properties of

the parent molecule induced by the substituents. This model can be

expressed as follows:
ABE = f (AL/AH,AE,AS,.....) (1.2)

The lipophilicity of a molecule can be described by the logarithm of
partition coefficient P, measured in octanol-water system.* The change
in lipophilicity or hydrophobicity due 10 a substituent is described by the

lipophilic or hydrophobic constani 7 of the substituent defined as

n = log Px — log Pu. where, X refers to the substituted derivative and H

to the parent compound.*” Lipophilicity can also be described by Rm

values obtained from reverse-phase chromatography and by log k obtained

from High Pressure Liquid Chromatography. The change in electronic

0 .
properties can be expressed by Hammett constant (G}, charge densities,

spectroscopic properties like chemical shift from IR or UV spectra, field

constant (3), and resonance canstant (R). The steric influence of the

: . 51
substituents can be described by the Taft steric constant (EJ),”" molar

-
v \W). and molar refractivity (MR). *>”’

20



Besides, many a drug activities have been found to depend
exclusively upon the molecular size,>*®* which can be described by the
van der Waals volume (Vy), and upon the molecular graph which is
delineated by molecular connectivity index (%).% In addition to these,
Verloop’s®® width parameters B and Ien.gth parameter L, evaluated by
measuring the dimensions of substituents in a restricted number of
directions with the aid of a computer program called STERIMOL, were
used. These parameters in their dimensional nature are indicative of the
deviations of a substituent from spherical shape and their use might
provide a better understanding of steric requirements in ligand-receptor

interactions. In the present thesis, an extensive use has been made of

these parameters.

In a stepwise linear multiple regression analysis, the biological

activity (BA) can be related to various physicochemical, electronic, and

steric parameters as:
BA = an (or log P) + b n? (or [log P]*) + ¢co + dE, + k (1.3)

where a, b, ¢ and d are the regression coefficients and k the intercept
obtained by least square method. Biological activity can be expressed by
negative logarithm of the concentration of-drug leading to a desired
response. This reciprocal of the concentration used reflects the fact that
greater potency is associated with a lower dose. Equation (1.3) shows a
nonlinear, i.e., a parabolic dependence of activity on the h'ydrophohic

character of molecules. Actually, Hansch had assumed a “random walk” of

21



the molecules, where hydrophilic molecules tend to remain in aqueous

phase, while hydrophobic molecules tend to go into lipid phase.

Only those molecules that have a optimal hydrophilic/hydrophobic
balance tend to reach their goal in reasonable time and concentration. The
nonlinear dependence of activity- on « or log P value in an in vivo system
is due to the nonlinear dependence of the rate constant of drug transport
through aqueous and bio-organic phases on lipophilicity, whereas in in
vitro systems, such as enzyme inhibition, such nonlinear relationships
result from equilibrium distribution of the drug toward different areas at

the enzyme surface, from limited binding space at the active site, or from

limited solubility of more lipophilic congeners.

However, in many cases the relationships between activity and

lipophilicity were found to be strictly linear*®*? and although the

parabolic model proved to be extremely useful for practical purposes,

there was an inconsistency between it and the linear model. Although

much less is known about the dependence of biological activities on
lipophilic character beyond the point of optimal lipophilicity (log P, or

T.), most often a linear relationship is observed with a negative slope

beyond it. To overcome such inconsistencies between the linear and

oo 65-71
nonlinear models, a number of different models were proposed, out of

which Kubinyi's bilinear model was found, after Hansch's parabolic

72.78 . .
model, to be the most useful model to describe the nonlinear

relationships. -

22



L.2.1 Applications of QSAR in Drug Design

After formulation of a statistically significant as well as
Physicochemically meaningful correlation equation for a given set of
compounds, the informations contained in the equation can be used to
design new compounds. According to the method of utilization of the
informations, examples could be classified into at least three categories:

1. Extrapolation of certain parameters toward directions enhancing

the potency. As the correlation may or may not be linear, the

best way this carn be done is to gradually extend the

extrapolation until the maximum potency is generated.

2. ldentification of optimum structures with respect to certain
parameters. If a parabolic dependence of the activity on certain
parameters is revealed, the structure can be optimized by being
modified so that the value of the parabolic paramcfcr term is
close to the maximum. This way, the best compound in the series
can be identified and depending on this one could make a

decision to continue or discontinue the synthetic program,

3, Transposition of QSAR informations to other series of

compounds. The QSAR informations derived from a set of

compounds A-X-q, prepared mainly on the basis of introduction

or replacement of substituents, can be qtihzcd to design new

structures, A-Xm, where A is the basal skeletal structure that is

) kept unchanged and X means variable substituents or

substructures.
23



A number of examples can be quoted where various combinations of the

above points have been utilized to design compounds actually exhibiting

the predicted activity,

1.2.2 Limitations of QSAR

Though QSAR studies can be successfully utilized to predict the
activity of new analogues and discuss the mechanisms of drug-receptor

interactions, they have some drawbacks and limitations as described

below.”?

The substituent effect on hydrophobicity is characterized by logP
based on an octanol-water system; hence, even a very significant
correlation can not represent a true model for hydrophobic interaction‘
between a drug molecule and the receptor. The value of logP also depends
on the electronic characters and the hydrogen bonding properties of the
substituents.3%8! Thus, if one gets a correlation with logP only, one can
nOt conclude that there is only hydrophobic interaction between drug and
Teceptor and that no electronic interaction or hydrogen bonding takes
Place. Another factor that may influence logP values is steric effect that
Can prevent the access of water to 2 hydrophilic gr?up.sz Steric
Interactions are extremely difficult to extrapolate from system to system.
The use of parameters like MR, MW, Vw, etc., do not give any idea in

drug-receptor interaction. A more
what way steric effects would effect the g

Serious problem arises with the electronic parameters. The Hammett
i lecule woul
Constants do not reflect which portion of the drug molecu d be
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actually involved in the interaction with the receptor. Quantum

mechanical calculations can provide some help in this, but they are time

consuming and expensive,

Although molecules are represented as rigid structures on paper,

they may, in fact, be quite different in solution and their dynamic nature

should be recognized. There is considerable evidence that

macromolecules, even in crystalline state, exhibit a wide spectrum of
motions.?3-*! These motions may be involved in some molecular
conformational changes on substrate or group binding. Both drugs and
biomolecules are three dimensional objects whose chemical features are
related to their three dimensional structures. The interaction between
them involves a complementarity or fit between the two objects. Even a
successful QSAR study will provide only indirect information a_b0ut the

three-dimensional aspects of drug-biomolecule interaction.

Many structural features that affect the activity but can not be

Parametized by the usual variables like %, G, E,, etc., are accounted for by

the use of indicator variables. These indicator variables are arbitrarily

assigned two values: one to indicate the presence of the specific structural

feature and other to indicate its absence. If the entire series of congeners

is divided into two sets, one with and one without the specific structural

feature, one would obtain two equations almost parallel, with a difference

in theijr intercepts only. An indicator variable thus can be pictured simply
% a constant that adjusts two parallel equations into one. If two sets are
far apart in data space described by the usual parameters, one builds in a
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large amount of variance with the indicator variable leading to a much
higher correlation coefficient (r).*> Despite the better r, the new

correlation may be a poorer one, and thus, one can be misied if other

statistical parameters are not available.

Another serious problem in QSAR analysis is the problem of
collinearity.’® For example, ®# and MR most often turn out to be so
collinear that it becomes impossible to tell whether one or both are
involved in SAR. Over and above all, a QSAR study may be incorrectly
interpreted if the biological property of interest is not correctly measured.
A measured biological response may be a complex result of several

processes, and an in vitro model of drug-receptor interaction does not

always represent the true in vivo model.
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Chapter 2

Parameters Used
And

Their Calculations



This chapter discusses the methodology of calculation of various
distinct parameters, on which most of the biological activities are found

to depend and which are very useful in QS AR studies.

2.1 Hydrophobic Parameter [log P]

The fragment method suggested by Hansch and Leo' for calculating

log P, where P is the partition coefficient of the solute in octanol-water

system, is known as constructionist or synthetic approach. Experimentally

determined log P values can often be reproduced or approached

theoretically with the help of this approach. The basic assumption of this

approach is: the log P of a solute can be expressed as a linear sum of

fundamental structural constants known as fragments (f) and factors (F)
that affect the partitioning equilibrium.

n m
log P = Zan fu + Zbm £ (2.1)

Carefully conducted partitioning experiment and statistical survey of the

then available partition data have been used in assigning values to the

fragments and factors. The working principle is summarized in the

following paragraphs.

ach carbon atoms are divided into two categories:

In this appro
nisolating carbons (NIC). ICs are those

Isolating carbons (IC) and no
ast two of which are to non

having either four single bonds (at le
e muliiply bonded to other carbon atoms.

-

heteroatoms) or else ar
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NIC atoms are carbon atoms multiply bonded to hetero atoms. For

€xample -C= in CH,=CH; is an IC but not in H,C=0., Fragments are of

two types: (i) fundamental fragments defined as fragmeats whose free

valency will lead to isolating carbons; (ii) derived fragments, a derivative

of fundamental fragments (e.g. CF3;). A fundamental fragment can be

cither a single atom or a group of multiple atoms (e.g. -C=0, -C=N, etc.).

A single atom fundamenial fragment can be either an isolating carbon

atom or a hydrogen or a hetero atom all of which are bonded to ICs.

Dcpending on its nature a fragment will come under one of the following

Classes:

(1)

(ii)

(i)

Non-polar fragments: These are simple ICs and hydrogens attached
to Ics.
H-polar fragments: A fragment that can be expected to form H-

bonds either by accepting or donating an electron pair (e.g. -OH, -

COQOH, ~-NH; etc.).

S-polar fragments:
withdrawing with little tendency to form H-bonds (e.g. halogens).

A fragment that 1is strongly electron

In expressing fragments, the structural formulae (or WLN code) of
the respective fragmenls will be written as subscripts of "f" for

example as f-NH-CO-NH for expressing the fragment -NH-CO-NH-

CONHCH;. Various factors (F) are designed o

present in CHaNH
r forces and factors that affect the

account for the intramolecula
All these Fs are identified

partitioning equilibrium of the solute.
with the heip of different subscripts and superscripts. The
in Table (2.2). The superscripts are

subscripts are mentioned

applicable also to fragments.
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They are listed as:

1. None = aliphatic structural attachment

2. ¢ = attachment to aromatic ring; if bivalent the attachment

i

is from left as written

3. 1/ = as 2 but attachment from right as written
4. $¢ = two aromatic attachments
5. X = aromatic attachment, value enhanced by second,

electron- withdrawing substituent (6; 2 + 0.35) and

6. IR = benzyl attachment.

Underlining any symbol means it is present in a ring system.

Whenever halogens and H-polar fragment are separated by only one ICs

an additional factor will come into operation.

In calculating the logP of any compound, the first step is dividing

that compound into “well defined” fragments based on the above

discussion and then searching for different factors operating in betweep
the fragments within the structure of the molecule. Now the sum of al)
these fragments and factors will give the calculated logP of that
Compound. It is always safe to break any compound, especially compound
Containing hetero atoms, into fundamental fragment rather than into

derived fragment. Some important fragment values and factor values are

listed in Tables (2.1) and (2.2), respectively. A simple example for logP

Calculation is shown below:
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Example, Toluene (CsHsCHj3): This can be treated as a compound

Ccomprising six aromatic carbons, one aliphatic carbon and eight

hydrogens.
The fragments can be expressed as:
6 f*c + fc +8 fu =log P (Toluene)
6(0.13) + 0.20 + 8(0.23) = 2.82 (calcd.), 2.80 (obsd.)

Since aromatic ring is cxcluded from bond factor there is no F, term
In the above equation. And here aliphatic chain length is one (-CH,), so
(n-1) Fy is equal to zero (C-H bonds are excluded from factors). The logP
of this compound can also be calculated from two derived fragments as:
f® cgus+ f CHs =logP (toluene)
1.9 +0.89 =2.79 (caled.)

Sometimes calculated log P values of compounds deviate very much

from the experimentally determined values. For example, observed log P
of 1,2-methylenedioxybenzene is 2.08, but the calculated value comes out

0 be 1,34 only. This large difference may be due to factors beyond the

control of this method. However, since it is an additive model, it will
Serve the pﬁrpose of drug design when used in a congeneric series of

. . 1
COmpounds. Further details are given1n the literature.

37



Table (2.1): Some common fragment

constants®

—_Without f Rt f°®  With Carbon f F° £99
Carbon
- Br 0.20  1.09 C 0.20  0.20
- C1 0.06  0.94 -CFy* 1.11
-F -0.38  0.37 - CN -1.27  0.34
-1 0.59  1.35 -CON -3.04 280 -1.93
-N -2.18  -0.93 -1.13 -C(O)- -1.90  -1.09  .0.50
-NO, -1.16  -0.03 -CO,- -1.49  -0.56 -0.09
-0 - -1.82°> -0.61 0.53 -CO, -5.19  -4.13
-H 0.23 0.23 -COH -1.10 -0.42
-NH- -2.15  -1.03  -0.09 -CO,H -1.11 -0.03
-NH, -1.54  -1.00 -CONH, -2,18  -1.26
-OH -1.64  -0.44 -CONH- -271 <181 -1.06
-SH -0.23  0.62 -NHCONH- -2.18 -1.57 -0.82
Fused in Aromatic Ring
“Without  f° Without  f*  With  f? With £
Carbon Carbon Carbon Carbon
TN= 112 -N=N- -2.14 C 013 CH- 035
-N -1.60 -O- -0.08 C 0.25¢ -C(0)-  -0.59
- N* 0.56  -NH-  -0.65 cx 0.44° -OC(0)- -1.40

*Taken from ref. 1, *Derived fragment, °For methyl ethers and ethylene

: : d ‘o :
oxide, use -1.54, °For ring fusion carbon, For ring fusion —hetero
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Table (2.2) : List of some factors*

Involving Bonds
Unsaturation Geometric
Double Triple Proportional to Length: x(n-1)  Short Chains: 1-time
Normal F(=) =-0.55 FE) =-142  Chan: F, =-0.12

Conjugate (=) =-042

Alkane Chain: Fg, = 0.13

Ring?: Fy = -0.09 H-polar Fragment: Fgp, = -0.22
to @
Conjugate F? (=) =-00 F** (=) =-00 Branching Fuyn = -0.20 Ring Cluster : Fe; = -0.45
To2g Fuvp = -0.31¢
Involving Multiple Halogenation?
On same n=2) = 030 On adjacent
Carbon (geminal) ®n=3) = 053 Carcbon (vicinal)
Frtcn {n=4) = 0.72 Fonva 1 0.28(n-1)
Involving H-polar Proximity
Fit = -042Zf, + f2 Aliphatic: Fot = -032Zf; + f» Aromatic : ot = -016Zf, + f2
Chain F2 = -026Zf + f2 Ring: Fp? D2Zf, + f» p2 = -008%f, + f2
F? = -010Xf, + f

Involving Intramolecular H-bond
Fusn = 0.60 for Nitrogen

*Taken from Ref.1

Fuso = 1.0 for Oxygen

*Aromatic rings are excluded
bFor amine

¢For Phosphorus esters
dValue per halogen atom



2.2 Hydrophobic Constant (x) of Substituents

Although log P can be used as a measure of the hydrophobicity of a
whole molecule, one often works with a set of derivatives of a parent
compound in which a large portion of the structure remains constant. In
such a case, knowing the relative hydrophobicity of substituents can be
sufficient for correlation analysis. Sometimes it has been found that only
Substituents in certain positions interact hydrophobically with a given
biosystem.*? To enable one to work with the relative hydrophobicity of
substituents and in this way separate hydrophobic character from

electronic and steric effects of substituents, the parameter n has been

defined analogous to O as

m x = log Px - log Py (2.2)

In this expression, Px is the partition coefficient of a derivative and Py

that of the parent compound, for example:

= log Pcensci — 108 Pcens (2.3)

Tci
0.71 = 2.84 - 2.13

A positive value for © means that relative to H the substituent favours the
octanol phase. A negative value indicates its hydrophilic character

relative to H. The value of m varies somewhat from system to system.

Certain 7 values are given in Table (2.3).

-
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whole molecule, one often works with a set of derivatives of a parent
Compound in which a large portion of the structure remains coastant. In
such a case, knowing the relative hydrophobicity of substituents can be
sufficient for correlation analysis., Sometimes it has been found that only
substituents in certain positions interact hydrophobically with a given
biosystem.?? To enable one to work with the relative hydrophobicity of
substituents and in this way separate hydrophobic character from

electronic and steric effects of substituents, the parameter n has been

defined analogous to ¢ as
n x = log Px - log Py (2.2)

In this expression, Px is the partition coefficient of a derivative and Py

that of the pareat compound, for example:

= log Pcensci — 10g Pcsus (2.3)

Tcy
0.71 =2.84 - 2.13

A positive value for & means that relative to H the substituent favours the

octanol phase. A negative value indicates its hydrophilic character

relative to H. The value of m varies somewhat from system to system.

Certain & values are given in Table (2.3).
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2.3 Electronic Parameter (o)

The development of electronic parameter is one of the most
important breakthrough for mechanistic organic chemistry which came in

1935 when L.P. Hammett* proposed the following equation to define an

electronic parameter ©.

o = logKx - logKn (2.4)

In equation (2.4), Ku is the ionization constant of benzoic acid in

water at 25°C and Ky is the ionization constant for the meta or para

derivative under the same experimental conditions. Positive values of ¢

represent the electron-withdrawing and the negative ones eclectron-

donating character of substituents in the aromatic ring. For certain

substituents, ¢ values are given in Table (2.3).

2.4 Molar Refractivity (MR)
In various organic reactions, dispersion forces play an important
deled by the molar refractivity (MR) of

Tole and these could be mO

MR is usually obtained via the Lorentz-

Substituents. Experimentally,

Loren; equation.

nt-1 MW
YR - (2.5)
n2 +2 d

Where n is .the index of refraction, 4 is the density, and MW is the
pound. Since MR i
s have been calculated for many

s an additive constituent
Molecular weight of a €om :

Property of molecules, fragment value
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common groups of atoms. It has generally been assumed that a positive
coefficient with an MR term in a corrclation equation suggests a binding
action via dispersion forces. Such binding could produce a concomitant

conformational change in a macromolecular binding site. If the

conformational change favoured the process under study, one would
certainly expect a positive coefficient with the MR term, howeve}, if the
conformational change were detrimental, a negative coefficient could
result for the MR term. Negative coefficient with MR have also been

assumed to reflect steric hindrance of one kind or another. Some MR

value used are tabulated in Table (2.3).

2.5 van der Waals Volume(V.)

The van der Waals volume (Vw) has been found to be one of the

most fundamental characteristics of.the drug structure controlling

biological activity. This determines the m
portant in the aspect of drug-receptor

olecular size and shape of the

Ccompounds which are very 1m

interactions.

aules, spherical shapes are assumed for all
’

To calculate Vw of molec
Atoms according to Bondis because of the absence of generally accepted

Pear shapes.

42



T . :
able (2.3): Data on physicochemical parameters for some

important substituents™

No. Substituent T o, a, MR
' H 000 0.00 0.00 103
2 CH, 0.56 -0.07 -0.17 5.65
3 C,H, {02 -0.07 -0.15 10.30
4 C; H, 105 -0.07 -0.13  14.96
5 - Cy H, {33 -0.07 -0.15 14.96
6 n- C, H, 213 -0.08 -0.16 19.01
7 F 014 034 0006 0.92
8 Cl 0.71 0.37  0.23 6.03
9 Br 0.86 039 023  8.88
10 I 112 035 018 13.94
R OCH, .0.02 0.12 -0.27 7.87
12 NH, 1.23  -0.16  -0.66 5.42
13 OH 0.67 0.2 037  2.85
14 COOH 032 037 045 693
15 COOCH, 001 037 045 12.87
16 CF, 088 043 054 502
17 NO, 028 071 078 7.36
18 CHO 065 035 042 6.88
19  CsH; 196 006 -0.01 25.36
20 CN 0.57 0.6  0.60 6.33
21 N, 046 027 015 10.20
22 NHOH 134 -0.04 -0.34 7.22
23 CH=CH, 0.82 0.05 ~-0.02 10.99
24 COCH, .0.55 0.38 0.50 11.18

Cond..




No. Substituent 4 o, o, MR
25 COOC,H, 051 0.37  0.45 17.47
26 COOC,H, 1.07  0.37  0.45 22.17
27 CH,OH -1.03  0.00 0.00 7.19
28 CHOHCH, -0.86 0.00 -0.07 11.82
29  CH,OCH, .0.78 0.02 0.03 12.07
30  SCH, 0.61 0.15 0.00 13.82
31 NHCHO -0.98 0.19  0.00 10.31
32 OCOCH;, -0.64 0.39 031 12,47
33  OCH (CH,), 085 010 -0.45 17.06
34 OCH, 1.05 0.10 -0.25 17.06
35  N(CH,), 0.18 -0.15 -0.83 15.55

* Taken from ref. 1



The values of the van der Waals radii used and calculated volume of
atoms are listed in Table (2.4).Since van der Waals radii are greater than
Covalent radii, a correction for sphere overlapping due to covalent
bonding between atoms is needed for the calculation of Vw of polyatomic
molecules. The covalent bond lengths and correction values are tabulated
in Table (2.5). A correction for branching in the molecule is also included

in the Vy calculation. Such correction is also mentioned in the Table

(2.5). All these values have been taken from the literature.®

2.6 Molecular Connectivity Index (X)
Kier and Hall’ introduced this additive topological parameter to

drug design. Here the molecular connectivity index, X, signifies the

degree of branching or coanectivity in a molecule.

Different versions of x are calculated from the hydrogen-supressed
graph of the molecule. For this purpose the hydrogen-suppressed graph
will be decomposed, depending on the x considered, into uniform parts

Called as subgraph(s). Here two types of connectivity indices, simple

molecular connectivity index ("x) and valance molecular connectivity

index (™y%) are discussed. The superscript m is known as order of the
°°nnec'tivity index and is numerically equal to the number of non

hydrogenic sigma bonds present in the subgraph of the particular %.
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Table (2.4): van der Waals radius and volume of atoms#*

Atom Radius Sphere Volume
(A" (10°A™)
C 1.7 . 0.206
H 1.1 0.056
N 1.5 0.141
@) 1.4 0.115
S 1.8 0.244
F 1.4 0.115
o ~ aliphatic 1.7 0.206
| aromatic 1.8 0.244
B aliphatic 1.8 0.244
Br 1.9 0.2
_ aromatic ' =287
aliphatic 2.0 0.335
I 2.1 0.388
aromatic
B 2.1 0.388
He ]‘2 0‘072
Ne 1.6 0.171
Ar 1.9 0.287
Kr 2.0 0.335
Xe 2.2 0.446

* Taken from ref. 6



Table (2.5): Correction values of van der Waals volume, for sphere
nt bonding and branching*

overlapping due to covale

Bond length Correction value

Bond (A.) (10° A%
15 -0.078
C-C 1.1 -0.043
C-H 1.4 -0.060
C-N 1.4 -0.056
-0 1.8 -0.066
C-S 1.4 -0.056
C-F 1.8 -0.058
C-Cl (aliphatic) 1.8 -0.066
C-Cl (aromatic) 1.9 -0.060
- C-Br (aliphatic) 1.9 -0.068
C-Br (aromatic) 2.1 -0.063
C-1 (aliphatic) 2.1 -0.072
C-I (aromatic) 1.6 -0.113
C-B 0.7 -0.030
H.4 ’ 1.0 -0.038
N-H 1.4 -0.050
N-N 1.4 -0.042
N-O 1.6 -0.061
N-S 1.0 -0.034
O-H 1.5 -0.079
O-B 1.3 -0.040
S-H 00" -0.062
S-S ) ' — Coatd...
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Bond length Correction value

Bond
(A) (10% AY)

5-F 1.6 -0.052
c=C 1.3 -0.094
C=N 1.3 -0.072
€=0 1.2 -0.068
€=s 1.6 -0.081
N=N 1.2 -0.061
N=0O 1.2 -0.053
$=0 1.5 -0.057
C=C 1.2 -0.101
C=N 1.2 -0.079
C=C (aromatic) 1.4 -0.086

-0.050

Branching for saturated bond except

bonding with H

* Taken from ref. 6
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A simple version of simple molecular connectivity index is first-

order simple molecular connectivity index, '¥, and it is computed by

'y = ZCij; = Z(0; Sj)-”z (2.6)

where the summation extends to all connections or edges (Cj;) of the

h)’drogcn-supprcssed graph and 8 and O; are integers assigned to each
atom indicating the number of atoms adjacent or connected to atoms 1 and

j which are formally bonded. Here, in deriving this index, only the

tumber of non-hydrogenic adjacent atoms are considered but not the

nature of the atoms and the unsaturation in the molecule.

The valence molecular connectivity index, in contrast to the simple

Molecular connectivity index, takes into account the nature of the atoms
as well as the unsaturation present in the molecules. Here the connecrivity

term, & is defined as:

& = Zvi - Ny

(2.7)

mber of valence electrons present in atom i and Ny
u

I which Z% is the n
A simple version of valence

; it.
'S the number of hydrogens attached 101
Jence molecular connectivity

. e va
Molecular connectivity index is f2rs! order

index, !y¥ | and is formulared as:
v \=1/2 (2.8)

ly¥ = £C;; = (8 %)

: f equation (2.7) for atoms beyond the second row
The application O

he same O value for each family member,
the

n the periodic table leads tO
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for example, seven for each halogen and six for each chalcogen.
Consideration of valence electrons (Z%;) of atom i together with its atomic
number (Z,) and the number of hydrogen atoms (h;) attached to that atom

will give appropriate & value for atoms beyond second row in the

periodic table.® The mathematical expression for this 1s:

§ = (2% -h)/(Zi-Z% -1 (2.9)

According to this equation §cy = 0.78 and dp. = 0.26. The 8% value for

some heteroatoms including halogens are listed 1n Table (2.6).

ssed cannectivity indices are used in Qur

Only the above discu
are discussed by Kier and Hall

studies. Higher order connectivity indices

In their monograph.

2.7 Steric Parameter (Es)

s in organic reactions are very importaant.

Steric effect of substituent | |
The first generally successful aumerical definition of steric effects in
| Tafr %1 Following a suggestion of

0 . b »
Organic reactions was PFOPOSCd Y

ant E. as:
Ingold ined the steric constant Es
gold, Taft define (2.10)

ES = log (kxfkl'l)

i is (denoted by A
Where k ref to the rate constant for the acid hydrolysis (deno y A)
refers

COOR. The size of
al step fOr acid hydrolysis by water.

x will affect atratnment of the

of esters of type X-CHz2

f— R i < nli
lransition strate. which 15 an esse
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Table (2.6): Valance delta (8") values for heteroatoms*

Group 3" Group 5
NH, 3 OH 5
NH 4 O 6
N 5 C=0 6
C=N 5 Furan O 6
C=NH 4 O=NO 6
Pyridine N 5 H,O 4
Nitro N 6 H,0" 3
NH, 2 F 7
NH," 1 Cl 0.78"
N * 6 Br 0.26°
=NH," 3 I 0.16"
S 0.67*

*Taken from ref. 7, “Obtained from equation (2.9)



2.8 Verloop’s Steric Parameters (L and B)

Verloop’s steric parametcrs” L and B referring to length and

breadth of the substituents are calculated by a computer program called

STERIMOL. There is only onc leagth parameter L but there are five

width parameters Bj-Bs. All are calculated from standard bond angles,

bond lengths, van der Waals radii, and user-determined reasonable
confirmations. The width parameters are measured perpendicular to the
bond axis and describe the positions, relative to the point of attachment
and the bond axis, of five planes which closely surround the group. In

contrast to Es values which, because of the reaction on which they are

based, cannot be determined for many substituents, the Verloop’s
substituent. Table (2.7) lists the

Parameters are available for any

Vcrlc.op’s parameters for some important substituents.

For QSAR studies in this thesis, standard values for different

1 1
rom literature.
Parameters for various substituents have been taken f
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Table (2.7): Verloop’s parameters for some important substituents®

L&) B (A& B.(d) Bi(d) B4

No. Substituent

1 H 2.06 1.00 1.00 1.00 1.00
2 F 2.65 1.35 1.35 1.33 1.35
3 a 3,52 1.80 (.80 1.80 1.80
+ Br 3.83 1.95 1.95 1.95 1.95
5 1 4.23 2.15 2.15 2.15 2.15
6 CH, 3.00 1.52 1.90 1.90 2.04
7 C,H; £.11 1.52 1.90 1.90 2.97
8 n-C,H, 5.05 1.52 1.90 1.90 349
9 1-C,H, 4.11 2.04 2.76 3.16 3.16
10 ¢-C,H, 4.14 1.98 2.24 2.29 288
11 CH,C/H; 3.63 1.52 3.11 3.11 6.02
12 CF, 3.30 1.98 2.44 2.44 2.61
i3 COOH 3.91 1.60 1.60 2.36 2.66
14 COOCH; 4.85 1.90 1.90 2.36 3.36
15 CONH, 4.06 1.60 1.60 2.42 3.07
16 CN | 4.23 1.60 1.60 1.60 1.60
17 C,H, 6.28 1.70 1.70 3.11 3.11
18 p-CICH, 7.74 1.80 1.80 3.11 3.11
19 OB 2.74 1.35 1.35 1.35 1.93
20 OCH;, 3.98 1.35 1.90 (.90 2.87
21 OC,Hs $.92 1.35 1.90 1.90 3.3f
22 OCH,CH, 820 1% 3.03 3.1 3.11
23 NH. yo3  1.50 1.50 1.84 1.84

’ 5 1.90 1.90 3.08
o NACH, >22 - 1,70 2.44 2.44

~— 2> NO; 3.44 1.70 -

.'14
iken from ref. 11
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Chapter 3

QSAR Studies :

Results And Discussion



As discussed earlier, benzodiazepine receptor ligands, because of
their wide range of therapeutic activities, are the most frequently
prescribed CNS drugs. Because of their safety and better effectiveness,

benzodiazepines have even replaced barbiturates in the treatment of both

anxiety and insomnia. Apart from the classic BZs, a number of

Structurally different compounds have affinity for this receptor.

More over, the heterogeneity and the functional and structural

ionophore complexes have strongly

complexity of the GABA receptor /CI”
a clear detection and definition of the

hampered up to now

Stereoselectivity requirements necessary for eliciting a specific intrinsic

activity, A total of at least 14 subunits' of the GABA, receptor have
been identified by molecular cloning, and these subunits are taught to
assemble into a pentameric structure 10 form a Cl channel.

of GABAa receptors contain &, B and ¥y

Most functional subtypes

showing high sensitivity to different

subunits, with different subtypes
3.5 Unfortunately, the key structural and

bcnzodiazepine receptor ligands.

dynamic properties of the BZR cannot be directl
methodologies, and therefore

y measured, or modeled,

becauSC of the limited curreal data and
carried out 10 detect the commoaon

Several jindirect studies have beef
of BZR ligands most likely

of diverse classes

$
fuctural features
possibly for spec

. ific intrinsic activity
"®Sponsible for high affinity and
d definite pharmacological profile:
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Despite the recent significant advances in the structural and

functional studies of BZR? and in the molecular pharmacology and
Physiopathology of anxiety disorders®, much remains to be achieved for

the design and development of truly innovative drugs, lacking the

> 7
numerous side effects of BZs.

With this objective, a number of nan-BZ class of compounds were

Synthesized in the recent years. A quantitative analysis of the biological

activity and the physicochemical properties of these compounds will
Precisely determine the extent of the role played by different
Physicochemical properties of the compounds in the drug receptor
binding. Further, the correlation equations thus obtained may be exploited
10 propose possible model for the receptor, allowing the binding of the
iled QSAR study has been carried out

corresponding ligands. Hence, a deta

in order o understand their mode of

On some non-RZ compound&
‘onanli the selection of

Nteraction with the receptor and to rationalize

ameters were taken from the

i - ar
Substityents. The values of the various p |
hods discussed in the preceding

| {
literature® or calculated as pefl the me
t least 5q11&r3 mC[hOd as ph &
; | 'h e i ing constant K,‘ or the

leading IO s0% inhibition of the substrate
eadlns

Molar concentration I1Cso
| : l(‘!ll ns
blnding to the receptor. The K; 18 related to »
K, = 1Cso / (1+ C/K) .
i ~ he radioligand used and Kg is the

Whe . ntration O
fé C is the conce ptor complex.

T .rece
dioligand
"PParent dissociation constant of the 18
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3.1  Thienylpyrazoloquinolines

Two different series of thienylpyrazeloquinolines {1 and 2) were

Studied for their BZR binding affinity by Takada et al.,'®"  which are

listed in Tables (3.1) and (3.2). We performed 2 mukiple regression

analysis on these series of compounds and obtained equation (3.2) for the
cOmpounds of Table (3.1). In this equation, nis the number of data points,
I is the correlation coefficient, 5 i% I0E standard deviation, F is the F-
Talio berween the variances of calculared and observed activities, and the
data withip the parenthesis are 95% confidence intervals. The value for F

given in the parenthesis is af 99% level.

)2 2.74 (£0.26)1s

_ 5.73(1.02) (7R3
- 126.78(4.69)

|
Y8 (1/K;) = 2.90 (£0.76)783 (3.2)
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Tabie (3.1): Thienlypyrazoloquinolines (1) and th

const

eir BZR-binding

ants and related physicochcmlcal parameters

log (1/K,)

No. R, R R, Rs Rs TRy g3 Obsdb Caled,
. Eq.(3.2)
i CH, H H M H 056 0.00  9.49 9.25
2 H H H H H 000 000 914 9.29
3 H CH; H H H 0.00 0.00  8.16 8.16
4 H H  COOCHs H H 0.00 -0.01 6.84 9.26
5 H H COOH H H 0.00 -0.32 1.5 7.78
6 C,Hs H H H H 1.02 000 9.39 916
7 Cl H H H H 071 0.00  9.14 923
8 CH, H C1 H H 0.56  0.71 8.33 8.42
9 CH; H Be H H 0.56 0.86  7.57 7.50
10 CH, H H 7.c1 H 0.56 0.00 9.11 9.25
11 CH;, H H 8-C1t i1 0.50 0.00  9.20 9.25
12 cn, H H 7.FH 0.56  0.00  9.19 9 25
13 CH, . H 3-F H 0.56 ° 0.00  9.43 9.25
14 CH, M H 7-CHas H 0.36 0.00 9.02 9.25
15 CH, H H g8-CH: H 0.56 0.00 9.42 9.25
16 CH, H H H CHos 0.56 0.00 6.66 6_?1
17 CH, o . H c,Hs 056 0.00 6.36 6.51
13 wCalts U o H H 1.55  0.00 3.9f 9.00
19 ,CH, H " H H 1.3  0.00 2-3; 9.01
20 wCils H . . H 213 0.00 : 8.74
21 -C.H = H H 131 2.28 0.00 8.64 8.67

'\l\""‘ . — [m@ompiled from refs. 10 and

1l

©* binding constant agal
+ Not included in the re

greSSIO n
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Table (3.2): Thienlypyrazoloquinolines (2) and their BZR-binding
constants and related physicochemical parameters

log (1/K)
NO. R.1 R> R3 Rs Rs Try RRs Obsd® Calcd’
Eq.(3.3)

I CH, H H H H 0.56  0.00 9.49 9.03
2 CaHs H H H H 1.02  0.00 8.99 9.03
3 #CH, H H H H 213 0.00 8.82 9.03
4 CH;, CHs H H H 0.56  0.00 9.13 9.03
5 H H 3¢ H H 0.00  0.00 9.38 9.03
6 H CHy H H H 0.00 0.00 9.32 9.03
7 C1 H H H H 0.71 0.00 8.60 9.03
8 CH, H COOC:Hs H H 0.36 0.51 8.00 8.00
9 CH, il COOH H H 0.56 -0.32 7.66 7.66
11 CH;, H H §-Ct  H 0.56 0.00 9.12 9.03
13 CH, I H 8-F H 0.56  0.00 9.03 9.03
4 CH, H H 7-CHs H 0.56  0.00 8.63 9.03
5 CH, - - 8-CHs H 0.56  0.00 9.08 9.03
16 CH, = - H CH, 0.56 0.00 5.99 5.99
H 1.55  0.00 9.06 9.03

17 wGyH; H H H
H 1.53  0.00 8.99 9.03

18 +CH, H H H
H 2.28  0.00 8.69 9.03

19 +~CHy H H H
v Jdiazepam "Compiled from refs. 10 and

Ki: binding constant against ['H

I,
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Equation (3.2) correlates the binding affinity with hydrophobic

Property of Ry and Rs; substituents and two indicator variables I, and I

which have been used for Ry and Rs substituents, respectively, with a

value of 1 each for an alkyl group and zero for H. This correlation seems

to be highly significant and accounts for about 98% of the variance in the

activity (r?=0.98). It should be noted that we have used no

Physicochemical or dummy parameter to account for the effect of R,
Substituent at ring A. A close observation of Table (3.1) shows that, of the

Ry substityents, the 7-substituent has some lowering effect, but when we

tried to account for the effect in the correlation, using a dummy parameter
I3 with a value of unity, it produced little effect on the significance of the

Correlation and the parameter itself was insignificant at 95% confideace

has been discussed in fact that in

level (equation 3.3). It
2

. . , ; : 1
Pyrazoloquinolines the substituents at ring A are of little importance.

Equations (3.2) and (3.3) suggest that in thieny) derivatives the important

Substituents are those present at the thienyl ring.
log (1/K;) = 3.00 (+0.69)mxs - 5.95(+0.95) (mr3)* = 2.80 (20.24)15

(£0.05) (mry)? ~ 1.19 (20.32)]2 = 0.20(+0.21) I,

- 0.14
(3.3)

+ 9.35
Fo.13 = 132.71(4.62)

n=20 r1r=0992, s= 0.14,

suggests that neither a highly

2
A negative coefficient of (mr1)
substituent at the 5-position of

h"”drophobic nor a highly hydrophilic R |
the binding affinity. Thus, either no

his ring wi onducive to
7 will be condt
: ydrophi!ic-lipophiiic balance (n=0)

*Ubstityen or a substituent with a b .



will be most favourable at this position. A negative coefficient of I

Suggests that a methyl group at the 4-position of the ring will produce
2 is exhibited to

steric hindrance. Only the Rj substituent at position

produce some positive effect provided it is not highly hydrophobic as both

equations (3.2) and (3.3) represent a parabolic correlation in @r3, giving

an optimum value of fgs = 0.25.

The negative coefficieat of Is indicates that the substitution at N5

will lead to a decrease in the activity. This corroborates to the finding for

ot for -4-ones) that unsubstituted N5-H is

Pyrazoloquinolin-3-ones (but n
2

N . " . H
conducive to the activity as it participates in hydrogen bonding.

s of Table (3.2), which differ from

In case of thienyl derivative
onal attachment of the

those of Table (3.1) only in respect of the positi
thieny) group (the former are thien-2-yl1 derivatives and the latter thien-
tained was

3-y1 derjvatives), the best correlation ob

s — 7.60(£2.56) (1tas)? — 3.04 (£0.56)15

log (1/K;) = 1.86 (£1.14)7r
9.03 (3.4)
+
n=19 r = 0.957 s = 0.25, Fs.15 = 54.41(5.42)

5 und Is, exhibiting that for this

Which incorporates only two parameters Tk 2 A
: 3-position of the
Seriey of compounds only the R3 substituent at the 3-p
m
d ortant. The latter, as usual, would

t
hienyl ring and Rs of NS will be 1mP | o
mer will increase the activity

- for
be detrimental to the activity and the
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until it becomes highly hydrophobic. The optimum value of ®p3 in this

Case is around 0.12, which is just half of that obtained for the compounds

of Table (3.1). This value of (Rg3)ep. OF €ven that for the compounds of
Table (3.1) is not very high. Therefore, it appears that any bulky R;
group which is closer to the axis of rotation of the thieayl ring in both the
series would not be favourable to the activity. This probably may tilt the

Plane of the thienyl ring whose position may be essential for the binding.

Unlike in equation (3.3), the absence of mri and Iz in equation G.4)

€xhibited that R; and R, substitueats are not very effective in thien-2-yl

derivatives.

quacions (3.2) and (3.3) for Table (3.1), the

In the derivation of €
Its

“Ompound 4 was not included, as it exhibited aberrant D AOUE:
dicted by equation (3.2},

Observeq activity is much lower than the oné pre
Ies analogues 5 of Table (3.1)

nd it i difficult to exlplain this difference.
= COOC;Hs), having very low and

®: = COOH) and 8 of Table (3.2) (Rs
and 0.51, respectiv

observed activity practically 1n full

. ly, as compared to its
high T3 values equal to —0.32 - P
0 AQQ
1 (-0.01), are found to possess the
) nes.
agreﬁmcnt to the corresponding prcdlctcd 0

cussed above, the independent

y a each other (Tables
5004!!J

ln equations (3.2) and (3.4) 4iS

: ctho
var;“blcs used were found to b€ almost ©

33 ang 3.4).
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Table (3.3):.Mutua1 correlations (r-value) between
independent variables used in

equation (3.2)

Trs (Mey)®  (Mr)* Lo Is
s 1.0 0.467 0.099 0.057 0.683
(M) 1.0 0.131  0.075  0.109
(Tnr)? 1.0 0.154  0.088
1, 1.0 0.00
I 1.0

Table (3.4): Mutual correlations (r-value) between
independent variables used in

equation (3.4)

Trs (Trs)’ I,
Trs 1.0 0.602 0.017
() 1.0 0.073
I 1.0
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3.2 Imidazoquinoxaiine Amides and Carbamates

For the series of imidazoquinoxaline amides and carbamates (3)

(Table 3.5) studied by TenBrink et al.,'? an interesting result was obtained

in which the binding constant was found to be correlated only with some

dummy parameters as given in equation (3.5). These parameters are -

defined as follows:

I5 = 0 for R» = N, N-ox and 1 for other Rs substituents; Is = 0 for R, = H
3= » I

and 1 for R, = CHs; lss = O for R = H and 1 for R = 6- or 7-F.

log (1/K;) = 8.69 — 0.34 (+ 0.23) I - 0.47 (% 0.25) I

+ 0.48 (£ 0.23) Ls,7 (3.5)

n=15 1r=0943, s= 0.15, Fa.n =29.47 (5.‘67)

. : i N,N-o 0
Equation (3.5) indicates that for gquinoxaline series an X group

iti d that methyl
Wwould be prcferred than any other group at the 3-position an a y



Table (3.5): Imidazoquinoxaline amides and carbamates (3) and their
BZR-binding constants

log (1/K,)*

No. R, R, R, R Obsd® Calcd,

Eq.(3.5)
1 N,O-ox° H CH, H 8.18 8.36
2 N,N-ox* H CH, 6-F 9.15 9.13
3 N,N-ox H CH, 7-F 9.16 9.20
4 N,N-ox H CH, H 8.82 8.69
5 N,N-ox CH, CH, H 8.32 8.22
6 CO,-£-Bu H CH, H 8.55 8.36
7 N,N-ox H Ph H 8.37 8.69
8 N,N-ox H Ph T7-F 9.24 9.20
9 N,N-ox H Ph 6-F 9.11 9.13
10 N,N-ox H 2-CIPh 151 8.85 8.69
11 CO,-+-Bu H 2-C1Ph H 8.40 8.36
2 N,N-ox CH, OCH, H 8.17 8.22
13 N,N-ox CH, O-/-Pr H 8.17 8.22
14 N,N-ox H 0-7-Bu H 8.72 8.69
15 CO,-#-Bu H 0O-z-Bu H 8.29 8.36

BK!

binding constant againsl

-Oxadiazol-3-yl.

UHjflunitrazepam, "Taken from ref.13,
¢N,N-ox:5-Cyclopropyl-1,2,4

°N,0-0x:3-Cyclopropyl-1 .2,4-oxadiazolyl-5

Table (3.6): Mutual correlations (r-value) between
independent variable used tn

equation (3.5)

l\ I‘ 16,7
I, 1.0 0.302 0.364
I, 1.0 0.302
I 1.0
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groups at the 4-position will be detrimental to the activity. However, the
presence of fluorine at 6- or 7-position is shown to be advantageous for
the binding. No parameter for Rs substituent was found to be correlated
with the activity. Hence it can be said thar this group is of little value. A
comparison of the observed activity values with those calculated using
equarion (3.5) shows that the dummy parameters are well quahified for the

prediction. All the parameters used in equation (3.5) were found to be

orthogonal to each other (Table 3.6).

3.3 6-Arylpyrro|o[2,l-d}[l,S]benzolhiazepines

A series of 6-arylpyrrolo{2,1-d]J[1,5]benzothiazepines  (4) were

studied by Fiorini et al.'® Since in this series of compounds (Table 3.7)

the variation in the substituents at each substituted position is small, a

Fujita-Ban appr‘OBChls has been adopted to estimate the de novo
oof lecules.
contribution of substituents to the activity of the mole

66



Table (3.7): Benzothiazepines (4) and their BZR-binding affinity

and physicochemical parameters

log (1/1Csq)

No. R Ri R R R4 n QObsds Caled  Caleds
1 H H H H OSO:CH; 0 7.22 716 7.36
2H H H H OCOCH:; 0 770 7.44  7.36
35 H H H H OCOC:Hs 0 717 744 7.36
4 H H H H OCOC;:H, 0 7.66 7.44  7.36
5 H H H H OCOC.Hy 0 7.32 7.44  7.36
6 H H H H OCOCsH1: 0 7.64 7.44 736
7 H H H H OCON(CH3)2 0 8.05 8.16  8.10
8 H H H OCHs OCOGCH:, 0 7.55 7.36  7.36
9 CFy, H H OCH; OCOCH, 0 5.34 5.56  5.56
10 CFy; H H OCHs; OCOC:Hs 0 5.33 5.56  5.56
11 CFy H H OCH; OCON(CHs) 0 6.54 6.29  6.30
12 ¢t H H H OCOCH:; 0 6.25 6.22  6.17
131 H H H OCOC:Hs 0 6.09 622 6.17
14 ¢t H H OCH, OCOCH; 0 6.19 6.15  6.17
15 C1 H H OCH; OCOGH;s 0 6.31 6.15  6.17
16 C1 H H OCHs OCON(CH)): 0 6.77 6.87  6.92
17 H Ci H H OCOQCH:; 0 6.64 6.67 6.63
18 H ¢1 H OCH, OCOCH: 0 6.62 6.59  6.63
19 H H Cit H OCOCH; 0 8.10 7.94 7.90
20 H c1 H OCHs OCOCHs 0 7.70 7.86 7.90
21 H H H H OCOCH:; 1 6.16 6.61 6.55
22 H H H H OCOCH:; 2 5.94 579 5.75
1 5.68 6.53 6.55

22 H H H OCHs; OCOCH: :
: 2 6.19 571  5.75

24 H H H OCH;) OCOCH:

— Contd...
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log (1/1Cs0)
n Obsd: Caled®  Calede
6.37 6.53 6.55
8.03 8.09 8.10
7.47 1.36 7.36
7.02 7.08 7.36
7.52 7.36 7.36

No. R Ri R» R R
2> H H H OCHs OCOCsH:
26 H H H OCH; OCON(CHj):
272 H H H OCH; OCOCHs
28 H H H OCH; O0S80:CHs
29 M H H OCHy OCOC:Hs 0

Ry b1 <l i ibutione of suhstituents as
Taken from ref.14. "Using the acnivily contri i
glven in Table (3.8). “Using the acuvity coniributions of substituents as

given in Table (3.9).

—

L= I e B s )
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In Fuyjj
Jita-Ban a
pproach, the total activity of a molecule i
is given by

BA = E G Xi+1
3.6)

¢

i . .
| (o H

I'L

1S the activi T
ctivity o 1 6
y f the unsubstltutcd molcculc. hus equn’on (3
' an . ) yields
of the COIIlpOUI'lClS 1n the

Simul
taneo

" .

s equations equal in number to that
ds in a set is suffici

ufficiently 1
arge as com
pared

set, If
+ tf th
¢ number of compoun
ast-square method is used to find
in

to th
e num
ber of total substitutents, le

out
the values of G; and u.

ahle (3.7), we had only 9 variables

Fo

r the 29 compouads of T
R_‘ was divided
ent and other that had the remaining

into 2 subsets: one that

Includ;
udine
g U, The substituent

includ
e
d only OCON(CHj)z substitu
f the type QCO-alk
q in the table were taken for X;. A

Subs[.
1tuents .
y A
i being © yl or 0S$0,-alkyl. For the

varj )

able *n’ ics real values as £iv€
then pcrformed
The data within pare
ent (1), standard deviation

vhich revealed the activity

regr
€ssio
n analysis was
ntheses are 95%

rlbu s
tion as shown in Table (3-8):
relation coeffici

Conf.
lde .

nce intervals. The ¢of
been calculatcd for this analysis and

ll"
' and
t . s
he F-statistics (F) have alse
these parameters are quite

The values of
confidence

d 0COX or 0S0:X type of Re—

Otherwise also they are

o g
lve :
n in the table.
level the activity

Yo
ant, byt judged from 95%
,-substitucm an

c0n 5
ntr s
ibutions of OCHs of R
y §§E!nificant°

SUb
Stity
ent were not found to be ver
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very small. Hence they were neglected and fresh regression analysis was

pecformed with only 7 variables and the results that were obtained are

listed in Table (3.9). A comparison of these results with Table (3.8) shows

that the neglect of these substituents hardly made any difference. Not only

the activity contributions of the remaining susbtituents remained almost

same, even the values of r and s remained unaffected and the F-value

{significant  at 99% level,

became rather more significant

Fy21(0.01)=3.65].

The results of Tables (3.8) and {(3.9), however, exhibit thar R- and
Ri-substituents make the negative contributions to the activity, hence they

the value of 'n’ other than zero would

should not be preferred. Similarly,
A positive contributi
ution 18 of R¢= OCON(CH})L

be detrimental to the activity. on is made only by Ry—

e highest conltrib

and R,—substituents and th
rons at the nitrogen seems to play

e lone pair of elect
pron. 11 15 QUIIE ltke

In this substituent th
Iy that a charge-

some role in the drug receptor interac
n which the nitrogen acts as a donor.

transfer phenomenon takes place 1
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Table (3.8) : Activity contributions of substituents in Table (3.8) obtained by Fujita-Ban approach

i

R Rg R: R) Re 0 W
CFy= -1.80(10.43) Cl=-077(048) C1=050{1048) OCH: = —-0.08(10.25)  OCONCR):=1.00(0.56) -082(202%) 7.16
C1= -1.21(10.39) OCO-alky1 |
o1 b =0.28(10 48)
OSOratkyl)

n=29, r=0.945, =030, FF,,=23.20

Table (3.9 . Activity comtributinns of substituents when Ry, and Ry = OCO-alky1/0S0O; -ulky! substituents
neplecied
R Ry Ry Ra n m

CFy==180(2040) Cl1=—0T73(2047) C1=055(1047) OQCONCI);=0.73(1035) -080(tn2y 736
Ci=—1.)3¢1.33)

n=29, r=0.945 =030, [,,=30.69




w

4 Pyridobenzimidazoles

Th ; ,
e series of pyrido[l,2-a]Jbenzimidazoles (5) were studied b
Y

Mar a té -
yanoff et al.'® For this series of benzimidazoles (Table 3.10), the BZR

bindi .
ng affinity was measured in the absence and presence of GABA

‘h

affinity was expresscd 1n terms of [Cso, the

ompound leading
These ICso values for both the

In
both the situarions the
to 50% inhibition of

Mmoj
ar concentration of the ¢

& .
H]fltlmtrazepam binding
with hydrophobic constant

Mme
asurements were found to be well correlated
) of R moiety in 8 CONHR group and electronic constant (Hammert

. y i et i
if any, P ¢ in this motety (equations

Con

St: g .sen
tant o) of orlho-subsmucm, Fe

3

.7 and 3.8)’

i 427(10.464)1:R2+7.179(i3.262)co

lo
g(I/ICSU IneGABA =4.005(i1.375)m< :
.7)
+5.470 it
n=18, r=0.881, s=0.54, F3,14=10-

72



Table (3.190): Pyridof 1,2-albenzmi
affinity and phystco

dazoles (§) and their BZR-binding
chemical parameters

log (1/1Cs0)

no GABA GABA
ey R R s G,  Obsd: Caled,  Obsd* Calced,
Eq.(3.9) Eq.(3.10)
1P H To6 000 804 762 8.23 7.82
< 4-C1Ph H 2.44 0.00 621 6.63 6.58 6.87
3 3-C1Ph H 544 000 692 6.63 7.02 6.87
4 2-C1Ph H 044 023 T2 8.20 8.28 3.51
5 2-FPh H (g7 006 877 8.14 8.85 8.34
6 4-MeOPh H 1.71 0.00 7.39 7.90 7.80 8.06
7 3.MecOPh H , 71 000 757 7.90  7.80 8.06
8 2.McOPh H 1.71 .27 600 6.05 6.03 6.14
9 2,6-C1,Ph H ,0n 023 842 6-34 :;; ij
10 2,6-F.Ph H (78  0.00 8.55 8.24 7 ,
g 5 .44 7.14 6.69
M CoHis H .5y 000 65
7.52 7.81 7.60 799
12 &#C.H» ¥ 1.80 0.00 '8['; - s i
13 +Cy3Hs H y14 000 7'0,, T s
;= & 000 O 5,: 42 868 BT
15 Ph Me 1.96  0.00 8.2 - g s 52
16 2-FPh Me Lg7 006 9.38 3'42 &
17 Ph Et 1.96 0.00 jzz 3:42 e .
i Ph phcH: 1.96 0-01_____'___'____,

Taken from ref. 16
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| 549(10.463)1:;3 +7.539(x3.290)C.

log (1/1Cs0 )GABA _4 592(£1.387)mR " T
(3.8)

+5.033

n=18, T=0.899, 550.54, F3'14519.57

In both the cases, the corrclatmns ere further xmprmcd
significantly when an indiCﬁlOf par meter | cqual to unity was used fof R
ne 128t A compoul‘-d (equ.nions 9 and 3.10). The

gests that 2

substi
bstituents present int

positi
sitive and reasonably larg

S 0
ubstituent present at NY would ncreas
Probably due 10
Ot ), 6.831(22:456)0
OE(1/ICs5)noGALA _3.5301%} OTORR T 1.266(10.363)1:R s
3.9
+0 09(x0 513)I+5.55 )
=2 48
n=lS r..._o.l)37. 5,0‘,41 Fai3 3
e Ic 4.019(x0 g63)TR~  355(20 292) %R 7.120(%1.977)00
50 YGABA = 19(xV- B -
+ 0 975(£0 413149457
~45.69
g 120-96 ~0.33, T 4
n= 5 . »
i large ositive
ome sterd ff N i it with the ceceptor site) ge P
ic effect (! & SLCE . 4
ats 18 ot defined its
value fof ortho.subsnwc
of o, (since ! the yalue of © ' 6
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‘Alue has be ken €aY p ot nat ©f cp) " 2 e ot
en taket ! ' . iRy
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that & elcctron- is with the receptof i
1
Will pe . Sinding of the compo ’
i beneficial 1© the D! sence of GABA. Th electron
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Withdrawing effect of the substituent may probably increase the polarity

of CONH fraction, which may be expected to be involved in some dipole-

dipole interaction with the receptor.

The parabolic correlation with nr suggests that the R moiety may be
involved in some hydrophobic interaction with the receptor but that the
effect would be optimized with essentially an equal value of ng,,, =1.40

(absence of GABA, equation 3.9) and wgop =1.48 (presence of GABA,

€quation 3.10). Both equations (3.9) and (3.10) represeat highly

Significant correlations and account for 87.8 and 93.3% of the variance in

the activity, respectively. All the parameters used in these equations were

Mutuatly orthogonal [r: (nr/0, ) = 0.36, (nr/l) =0.03, (o, /I) = 0.03].

3.5 Fused Imidazopyridines

For the series of fused imidazopyridines (6) and (7) (Table 3.11),

Studied by Takada et al..'7 rfirst the Fujita-Ban analysis was performed

and the contributions of the substituents were assessed. Table (3.12)
lists the activity contribution of each substituent along with that of parent
parameters Of rhis analysis were highly

Structure, The statistical
confidence interval the activity

Significant. However, judged from 95%
an asterisk) seemed to be

Contributions of some substituents (marked by

neglected and the activity

Insignificant. Therefore, they were

i . Table 3.13
COniributions of the remaining substituents were ¢ assessed ( )
hiained previously. The

and found that they were essentially same as o
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alues of sta
tistical parameters (f
und s) also rema
ined essentially s
y same

Ri "
|

F . .

rom this analysis, it 18 obscrvcd that all the substituents whose acuvity
ontribution 18 S{a[lStha”y szgmflCam ]JTOdUCC nega“\"e effect. Theyl
t .

herefore, can be assumed 10 have some steric effects that can be

a .
ccounted for by some sreric parameters:

Using various seric parameters in Hansch analysis, the best

correlation that weé could find was
4-1.449(20, 340 MRy

log (1/K)) = 9.258—1.724&0.15 1)Bi
(3.11)

0.293(%0. 167)1

- 0.591 (0.151)B1o ~
|=]4584

=26, r=0.982, s=0.2C, Fsi.2

n
aramctcr" and MR is the molar

erioop’s width P
6- and 9- substituents and MR

[n this equation, B: is V
for

refractivity scaled hy 0.1. The use of Bi

s significantly

gecounts for the stefic cffects of these

for 7- substituent

substituents. -
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Tat .
Able (3.11): Imidazopyridines (6) and (7) and their BZR-binding aftinity

physicochemical parameters

—
- log (1/K)

\|J Ry Bia MR B Obsd* Caled.* Caled,* Caled, Eq.03. 1)
) H H 0 0 0 22 9.23 9.17 :::
9 Me © 0 Q0 905 §.94 g92 y
PN go4 907 8.96

Et ] O 0 3906 '
Yor a5 109 6.9
5 H 13 0 0 7.40 : i = i
, " .

=Ci H 1.80 O 0 0.28 694
. 7 211

7.[: 9.]0 o1
¥ H 0 010 0 9.05 §,24 §.22 8.39
s 7':‘:' H o oeo 0 8 "i’ .'.2) g2 811
y ";co H o n7? 9 “0 9.18 0.17 .26
1 H ) 0 0 9.1 9.35 9.17 9.26

8-Cy 9,10 - =
I H oo 0 0 932 9,17 9.2

YMeq 9.30 = 46
1 H oo 0 0 g 54 §.52 §

¢ 8.47 §.19
3 H 0 o 1,33 g1 g1t
g *Ct H 0 0 .80 812 ‘13 917 9.26
iy H 0 p00 % 892 $1e
WL " s p 9.05 "9: 9.17 8.96
ol « * §.92 i 684 6,64
N Et 0 0 ] 6.82 '

6.5 6.32 575 5.86
" g Me 135 0 ! 547 57 o § .82
b Fl Me 180 0 v 5.8 §.81 :'9; §.10
I Me 0 g 0 7'73 7:95 1‘% 782
3 Y Me o oo © . 7.4 ' 8.96

Moy §.02 > §.92
Ry Me o 079 ° 598 5.8 - £.96
N . F  Me 0 O 0 <0 9.06 e §.96
y % 03 .

Bnr e 2 - 9 0.05 : .27 847

“Ng : 25 ‘
Me 0 0
1) ) Me 0 0 0
M. . bs
T Vit 1
Q‘Bl’; Q ?;q ref. 17. "Using the % ‘nmgulio”’ o n
). ). Ullng the activity co



The parameter I in equation (3.11) is an indicator variable used
with a value of unity for the substituent R,= Me/Et. Although in Fujita-
Ban analysis, the activity coatribution of Et was statistically not
significant, in magnitude it was essentially same as that of Me. Therefore,

[ was used for both and it is seen in equation (3.11) that its coefficient

¢xactly matches with activity contributions of Me/Et obtained by Fujita-

Ban approach.

however, two types of

(3.11) contaias,

The series of Table
The Ffirst 13 compounds are

derivatives with respect to 2-isoxazolyl ring.
tke remaining 13 compounds (14-26) are

z'isoxazol-3-yl derivatives and

2-i50xaz01-5-yl derivatives. An attempt was made {0 account Lo e Gt

OF this difference, using a dummy variable D with a value of zero for all
or all 2-isoxazol-5-yl derivatives, but

2"i30Xazol-3~yl derivatives and one ! , .y
2 12) did not exhibit any significance

th : : 2
5 "€sulting correlation il f f of R substituent,
ct
°f this her marginalized the effe
Parameter ratne . 2.isoxazolyl ring hardly
suggw‘:sting that the point of attachment 1 =
ows a deifs

Mattere - ! ituent sh
s, R,-substitu
Instead its Riy . 433(i0-348)MR7

mental effect.

log (1/K;) =9.265 — 1.720(_4:0.152)B| 6
92(+0.264)]

- 0.1
. 0.586 (£0.152)B1.2 0 (3.12)

=117.24

~ 0.130(£0.263)D

r=0.983, ¢=0.20, Fszo

n=26,
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T . W : .
able (3.12): Activity contributions of substituents in Table (3.11) by

Fujita-Ban approach

R R, n
6-F = -2.12(%0.41)  MNe = -0.29(x0.19) ¥ 23
6-C1 = -3.21(£0.41) Et* = -0.28(%£0.42)
T-F= = .0.13 (£0.41)
7-C1 = -0.99 (*0.41) n_: »
7-OMe = -1.00(20.41) : : 3227
8-F« = .0.05(+0.41) Fyogy = 4111
8-C1* = 0.12(X0.41)
8-OMe*= 0.10(%0.41)
9-F = .0.69(X0.41)
iCl = -1.09(£0.41)
insignificant

Table (3.13): Activity contributions of substituents when
able 3.12) neglected

arked with asterisk In T

B substituents (M
R R, u
6-F = .2.09(x0.33) Me= 0.2520.18) 917
6-C1 = -3.17(%0.35) e

r = 0.983
7-C1 = -0.95(+0.35) s = 0.22
7-OMe = -0.97(+0.35) F.,, = 72.06
9-C1 = -1.06 (£0.35)
iF = .0.66(£0.35)
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3.6 6-Alkoxyimidazo[l,2-b]pyridazines

A series of 6-alkoxyimidazo[l,2-b] pyridazines (8) (Table 3.14)
were also found to bind with benzodiazepine receptors by Harrison et al.'®
A Fujita-Ban analysis for this series of compounds was performed. The

activity contributions of only those substituents for which they were

Statistically significant are reported.

From the results as listed in Table (3.15), we find thar, of R,

Substituents, the OCH, group and, of Rz substituents, the 3,4-OCH;0

group make the largest contributions.

m shape and size

At R, the OCH; group might be having the optimu
the receptor and hence the less

Tequired for the interaction with
i ; ic role played

favourable effect of OC;Hs may be attributed to some ster play
e alkoxy

' fall th
by it. This proposition i based on the observation that ©
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pyridazines (8) and their

Table (3.14):3-substituted imidazo{1,2-b]
st {2 H]diazepam binding.

BZR binding affinities again

log (1/1Cs, )

No. R, R, R, Obsd® Caled,”
I OCH, 33.0CH,0 H a s 7.90
2 OCH; 4-Cl H 7.54 7.53
3 OCH, H 2-F 6.86 2.09
4 OCH,; 4-CH, 2-F 7.68 7.61
3 OCH, 3,4—OCH-,O 2-F 7.85 7.90
6 OC. Hs I I 6.73 6.77
7 OC, H; 4-CH; 2! 7.46 7.29
8 OC, Hs 3 4.0CH,0 H 7.60 7.57
9 OC, Hs 4-Cl H 7.19 7.20

10 OC, Hs H 2-F 6.68 6.77
11 OC, H; 4-CH; 2-F 7.29 7.29
12 OC, Hs 3,4-0CH,0 2°F 7.51 7.57
13 0OC, H, 4-CH, H 6.74 6.78
14 OC, Hz 3.4.0CH,0 H 6.94 7.06
15 QG 1, H 2-F 6.62 6.26
16 0OC, H; 4-CH; 2-F 6.84 6.78
17 OCH.OCH, 4-CH, H 6.50 6.78
18 OCH, 3,4-OCH,O 3.NO, 8.10 7.90
19 OCH. 3,4-OCI—I3C) 4-NO, 7.64 7.90
TCalculated using data of Table (3.15)

2 Taken from ref.19,
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Table (3.15):Activity contributions of substituents in Table (3.14)
obtained by Fujita-Ban approach.

R, m
6.257

R,
OCH, =0.837 (* 0.270) 3,4-OCH,0=0.803(0.269)

OC,H, = 0.513 (£ 0.255) 4-Cl = 0.433 (¥ 0.366)
4-CH, = 0.518 (+ 0.274)

19 e = 0.946 s = 0.197  Fg. = 22.05 (4.86)

Substituents used, or that can be used, for Ry, the OCHj3 group is the
Smallest in size and has the activity contribution larger than the next
have not been found to

Smallest group, OC,Hs. Groups bigger than OC;Hs
This esseatially indicates the shape

Make any significant coatributions.
And size effects and points out that the receptor site may not be able to

ACcommodate a substituent bigger than OCHa. Just next in the alkoxy
Series OC,H;s is probably accommodated bu
linto a statistically significant effect but less than that of OCHj.

¢ with some strain, resulting

, can be attributed to its

The largest contribution of 3,4-OCH20 at R
producing the best possible interaction

Ting structure and its planarity,
ction ar hydrogen bonding.

With the receptor through polar intera
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3.7 e
2-Phenyl|m:dazo[l,2-a}pyridines

F .
or the series of 2-phenylimidazo[1,2-a)pyridines (9) (Table 3.16)

Studje . ! 20
ed by Trapaniet al,” we used the Hansch approach and found

the binding data to be correlated as
18 (1/1C50) = 2.051(+ 0.929)mx - 1.320 (  1.087)(mx)’
~1.650 (£ 0.376)1z + 1.054 (£0.290}1x
+ 5.028 (3.13)
n=22 r=0.0936 s=026Fai7=2992(4.67), (nx)o=0.78
The Zx in this equation refers to the ~hydrophobic canstant of
X“Substituem and Iz and Ir are two indicator parameters used for Z- and

R-substituents. I; takes a value of 1 for Z=Cl and zero for any other
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Table (3.16):2-Phenylimidazo[1,2-a}pyridine derivatives (9) and
their BZR binding affinities against ["H]flunitrazepam

binding and physicohemical parameters.

log (1/1Cs)

- ¥ 2 R iz g, Obsd® Caled, Eq.(3.13)
r Cl Cl  N(C;Hy): 0 0.71  5.08 5.22
2 Cl cl NG Hy): 0 0.71  5.06 5.22
3 Cl Cl  N-(CHr 0 0.71  5.53 5.22
4 H H N(G, H: ) ! 0 6.33 6.08
5 CI H N(Cy Hs ): ! 0.71  7.07 6.87
6 Br o NG H:h l 0.86  6.94 6.87
71 H o NG H ! .12 6.34 6.73
8§ Ci, H N{C, Hs )4 ! 0.56  6.90 6.82
9 CH,O0 H N(C, H ) {  -0.02 3.55 6.04
10 NO., 8 N(C, H-): ! -0.28 5.56 5.40
(1 B2 H NGH): 1 o086 7.2 6.87
12 Cl H  N-(CHde ¢ o7t 704 6.87
13 ClI H N-(CHs | 0.71  6.62 6.87
14 ClI 1 N(C;Ha): 2 0.71 6.51 ?.87
15 C H o OGN o 071 ?.67 uji
I
e oc : 231 5:93 5.82
18 Cl H OC, Hs 0-71 e 17
19® CI cl  OC.Hs ! oy 593 - 5>
20 Cl g OC.Hs > 0‘55 50 _=
21 CH, H oC, H, . 0'71 iy L o
=3 H o OGH | 0-71 5.56 4.17
= e sl g ; 0:71 5.93 5.82

¥24 - e "(})vidt]?;cludcd mthe derivainion ~equation (3.13)
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Substituent. Similarly, Ix takes a value of 1 for R = an alkylamine group
and zero for others. Thus equation (3.13) expresses that an X-substituent
will have a hydrophobic effect on the activity, but since there is a
Parabolic correlation with my, the tx will have an optimum value equal to
0.78, suggesting a limited bulk tolerance at the receptor site. The negative
Coefficient of I, points out that Z = Cl would have a detrimental effect,
Probably because of having a number of lone pairs of electrons that can

C . . . o
ause a repulsive effect with u negatively charged site of the receptor.

The positive coefficient of Ix, however, suggests that an amine group at

wourable effect,
amide group, [-CON-}, that can

the position of R will have a fi which can be atiributed

0 the formation of highly polar
Participate in strong polar interaction with the receptor.

at the 3-position (the value of a) was not found to

The chain length
n of equation (3.13), compounds 19 and

Mmatter. However, in the derivatio
(hey exhibited aberrant behaviour. The equation

.
<% were not included as
s compared to their corresponding

Predicts very low activity for them a
The reasons for these aberrarions are not

observed activity (Table 3.1

Very apparent.

3.8 Imidazo[2,1-b]ben zothiazoles

he synthesis and BZR binding affinity

21 4)s0 reported !t

|hgnzothiazoles (10) which are listed in

Trapani et al.

for a series of imidazo[Z.l-b

Table (3.17)-
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R
i,

10 R

For this series of ligands, the best correlation  obtained from the

Hansch analysis was as

log (1/1C50) = 3.549(2 1.089) mry ~ 5.169 (£ 1.290) (rgy)?

+7.123 (3.14)

n=14, r=0945 s =023, F3;)=46.16 (6.22), (mR7)o = 0.34

Which Ssuggested the hydrophobic role of Rs-substituent with an optimum
alue of (np,)=0.34. Such a low optimum value points out thar highly
hydrophobic R7-substituents will not be tolerated. In the derivation of this
€quation, compound 12, whose abserved activity (6.47) was found (o be
Much Jower than the predicted one (7.49), was not included. Iis lower
Observed activity than expected can be due (o the presence, at the two

adjacent positions (6 and 7), of CHs groups in tetrahedral JEVHICIrY,

. r
Producing steric hindrance for each othe

; - 18] ubsti w
In this series the variation 1n R group 1n T fuent was
n this

) nothing to do in the
found matter. which meant that R moiety had no g
not found to )
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Table (3.17):2-(Alkoxycarbonyl)-4dH-imidazo[2,1-b]benzothiazoles (10)
and their BZR binding affinities against [ H]flunitrazepam

and physicochemical parameters.

o log (1/1C5,)

No. R, Ry R, R, Rg,  Obsd’ Caled,
Eq.(3.14)

1 OCH, H M H 0 7.22 7.12
2 OC,;H, H H H 0 6.92 7.12
3 OCH,C,H, H H M 0 7.30 7.12
4 OC,H; H M CGyHs .02 3.40 5.37
5 OC,H; H I F 0.14  7.29 7.52
6 OC,H, H e} Ci 0.71  6.83 7.04
7 OC,H; H H Br 0.86 6.51 6.33
8 OC,H; H H NO, -0.28  5.54 5792
9 OC,H; Cl H i 0 7.44 7.12
10 OC,H; OCH, H H 0 7.40 7.12
11 OC,H; CH, 154 I 0 7.01 7.12
12 OC,H, H CH, CH, 0.56  6.47 7.49
13 OC'H H Cl Cl 0.71 6.98 7.64
- H H 0 7.21 7.12

N P - H 0 6.86 7.12
15 OCH,C,H, Cl H —

TTaken from ref. 21. B Not included 10 the derivation of equa
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‘Nieraction ¢ 1
, 1f any, of COOR group with the receptor. In this group, it mav
be ) - »
nl i i
y COO moiety which can have a constant polar interaction or
hydrog ' '
gen bonding with the receptor. As suggested in the case of

der; A ‘
Tivative of 9 (equation 3.13), a -CON- may have better effect than -

CO0- _
O- group, and it may be due to the greater polarity of the former than

the larter.

.9 2-Aryl-4-piperidinoquinolines

f Z—aryl-4-pipcrid1noqumolincs (11) (Table 3.18),

For the series O
e could correlate the activity of the

Studied by Andersen el a2 w

c
Ompounds as

log (1/1Csp) = 2.574(2 0.477) D
+ 1.784 (£ 1.573) Ori

+ 3.362 (£ 1.914)CRrz2
) Vwrs * 6.220 (3.15)

_ 1.850 ( £ 0.985) ma2

_ 1.148 (* 0.469
r = 0.923,

s = 0.43, Fs,zg =32-32 (376)

n = 34,
phobic nature of Ry-substituent will not be

Which suggested that the hydro
88



T
able (3.18):2- Arylquinolines (11) and their BZ

[3l'l]flunilrazepam binding

R binding affinities

and physwochemical

89

against
ol parameters.
N Voo log (1 /1Cs0)
T
SRl Ry R On 0w (102A%) Obsd Caleg,
— Eq.(3.15)
s S
' HOH OH 0 0 0 5137 519 606
I CHy H OH o 017 0 0137 623 376
3 a H OH o 0m 0 0137 631 647
+ H T A o o 0 (40 707 118
5 M H B 0 0 0 pa72 130 72
6 1§ H G 0 0 0 1133 195 149
7 CHy H c o 017 0 1133 698 119
8 O H 0 023 O (133 169 10
9 K 2.0CH, 002 O o027 1133 597 6.62
10 1 2.0H o6t 0 0¥ 133 1T 14
11 F 20CH, & o0z 006 027 (133 129 673
E son G g 006 031 1% g15 760
13 F  4F ¢ 014 006 006 L1335 806 T3
14 B 4Ql - o7y 006 02 1133 744 706
5 1 W 5 0 0 0 (473 674 716
16 F 5.OH D 061 0006 037 143 6.86 7.26
17 0 0 0 1437 720 7.14
CH, H 28
437 6o 68
8 a H - , 017 0
1 0 023 O 1437 109 755
9 H H E = ’ .
20 002 O o021 147 5.76 6.27
H  2.0CHs B 9= .
21 0 67 0 _037 ‘_.‘37 7.50 14
) H 208 F 002 006 o1 13 672 638
2 g 20cHs E 0. : L a8
23 F 067 086 037 H : :
2 zoH E 014 006 006 147 753 119
4 ; :
A 4-F = Contd..



Vors log (1/1Cs0)

Mo R R Ry Ty  Opy  Gpe  (102A%) Obsd*  Caled,
— Eq.(3.15)
= F 4-Cl E 071 006 023 1437 6.66 6.71
% H H F 0 0 0 1050 717 7.9
21 F 20H F 2067 006 -037 1050 730  7.69
B H oy € o0 0 0 1437 716 7.14
¥ HHy OCH; 0 0 0 0304 633  35.87
30 CHy, §y OCHs 0 017 0 0304 535  3.57
311 OCHsCHa 0 0 0 1000 364 507
32 CH, i OCHsCH 0 017 0 1.000 463 477
33 1 O(CH2)sCOO E 1 0 0 0 1176 6.19 4.87
¥y 4 O-(m-CO:CaHs)Cels 0 0 0 1532 435 446
: 35 1 g O-(m-CONHC:H5)CH:e - 0 0 0 1561 417 443

hen from ref. 22, ” Not included in the denvanon of equation (3.13)
| “ N-1 ethyl-1-piperaane carboxamide
Ca met,hyiﬂmino-piperazinyl methanethione
i, ¥-piperidine carboxamide
i _ Sthyld-piperidine carboxylate
F-“ 3'methyl~5-(4-pipcridinyl)*1,2,4-oxadmzole
o 4-piperidine carbonitrile |
- D'mcthyl.}(4-P1pcndmy])-l,2,4-ox;xdmzole
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Conducive ivi
to the acrivity. Rather its electronic nature—electron-

With
drawing property as reflected by ¢ —will be highty favourable to the

ACHivIt s )
V- Swmilasly, the electron-withdrawing property of Ry-substituent is

dix cr - . )
O exhibited to be highly effective. However, the negative coefficient of

Ve
k3, the van der Waals volume of R3-substituent, indicates that the large

e 5 .
Of Rj-substituent  will not be advantageous, but all nitrogen-

Cont - i . »
dIntng substituents, for which the indicator variable D has been used

Wil . .
' @ value of unity, seem to be quite favourable. Ail these substituents

1% y
'#¥ be expected to have some constant electron-withdrawing effect,

In the derivation of equation (3.13), however, compound 33 was
‘ound to pe slightly misfit, hence excluded. The equation predicts a very

Ow activity for this compound as compared to its observed activity (Table
3'18)- Its high activity may be attributed to its Rj-substituent,

O(CH2)3COOEr, which is not a nitrogen-containing group but can produce

S0me elecrron- withdrawing effect directly or indirectly.

atives of 11 with those of 10, we find thar the

Now if we compare deriv
Rl-substitucm in the former and the R,-substituent in the latter are at
highly hydrophobic

idemical positions. Equation (3.13) suggests that a
icial. This is supplemented by

Rrsubs(ituem (rr7 > 0.34) will not be benef
¢ instead of a hydrophobic substituent

€quation (3.15) which indicates tha
ent) will

7 1 .. UmCd (4]

interact with a site at the receptor whic
91



Capable of interacting with small hydrophobic substituents, but can be
polarized by large substituents, and thus strength of the binding will
depend on the extent of the polarization of the active site which would be

the function of the electronic charge over the substituents withdrawn from

Some electron-rich position of the molecule.

Similarly, a Rj-substituent is also indicated by equation (3.15) to
interact with a polarizable or already a polar or cationic site, affecting

the binding by its electron-withdrawing ability. Similar behaviour then

€an be expected from N1 in 8 and 9 and S9 in 10. COR group has been

already discussed to be involved in polar interaction with a berter effect if

R is an amine moiety. Thus the electronic interactions seem to dominate
However, there car also be assumed the

the activity of the compounds.
ockets, too, in the receptor, engulfing

Presence of certain hydrophobic p
unds.'”

Some hydrophobic moieties preseat in the compo
3.10 Al‘ylpyrazoloquinolinones and ArylbenzopyranOpyrazolones

the attention on the synthesis of 1-

Some authors focussed o
i - - and 2-aryl{1l]jben-
ar?lpyrazolo[4,5-c]quinolin-4-ones” 29 (12) and l1-aryl- an yl{1]
30,31 £13. 14). All these compounds were tested for
(i1, = .

20pyranopyrazol-4-oaes ‘
ine brain membrane.

i bov
their ability to displace (*H] flunitrazepam from ‘
ounds and listed the series of 12 in Table

We h iled ail these comp
e comp! ble (3.20) along with their ICso

(3.19) and the series of 13 and 14 wn Ta

values.
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In the case of all the three series of compounds, the variation in
Substitution occurs mostiy at the aryl ring present at 1 or 2 position. At
Other position in any series the substituents are limited e.g., in the series
Of 12 (Table 3.19), the R, — substituent at 3-position is either methy! or
Phenyj group and the R —substituent at 5-posttion is either hydrogen or

methyl group. Similarly, in the series of 13 and 14 (Table 3.20), the
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add iy ; :

onal substituent X at position 8 is H, Br, or NOz. Thus the activity
Of the

Compounds has been mostly controlled by R-substituents at the ary!

Ting. W -

€ therefore tried to correlate the activity with the physicochemical
Propertj

Perties of these substituents and nsed some indicator variables for R~

R
» and X-substituents. The variables [, and 1; were used for R, and R,

..2-'
res : .

Pectively, with the values of 0 and 1 each. I, = 0 for R; = Me and I,
= | for Rz = Me. Similarly, the

I £

Or Rj = Ph; [, = 0 for R» = H and 1,
Var;

Mable I, was used to indicare whether, in the series of 13 and 14 (Table

3. .
20), the X-substituent was H or Br/NO; with a value of 0 and I,

Fes 4
®Spectively.

A multiple regression analvsis revealed that the acrivity of the
(& .

Ompounds was primarily governed by the hydrophobic character of the
and the steric property of the ortho-substituents at 1-

m .
Cla-substituents
ary] ring in the series of both 12 aand 13. Significant correlations were

ng the data of Tables (3.19) and (3.20),

0 . .
b““ﬂed for both the serics, nsl
constant m of

resp~‘30tively, between their ICsg values and the hydrophobic
(Taft constant) of ortho-

Meta-supstituents and the steric consiant E,
respectively)

SUbstituents (equations 3. 16 and 3.17,

log (1/1Csy) = 0.984 (+0.319) T + 0.443 (£0.203) Bew
(3.16)

+ 1.229 (£0.266) Iz + 4.707
n=235 r= 0.94, s = 0.32, Fy31 = 72.95
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1og (1/1Csp) = 1.038 (£0.320) 7, + 0.902 (£0.301) Eso

+ 6.185 (3.17)

ns= 25, r= 0.91, s = 0‘40, F2.22= 5303

OFf the indicator variables nsed, only I, indicating the effect of Me
12. could be found of some

group at NS5 position in the series of 12
cribe the effect

$ignificance (equation 3.16). The I, parameter used tu des

on In the same series was found to be of little

of Me/Ph group at 3-positl
parameter

significance (equation 2.18) and sO was the case with the Iy
used (o indicate the effect of Br/NO: at position 8 in the series of 13

the high coefficient of Iz indic
the replacement of

(equation 3.19). However, ates that in the
in-4-ones (12).

Case of ]-arylpyrazolo[4,5-c]qu1nol
d increase the activity of the

hydrogen from N5 by Me group woul

Compounds by a factor of nearly 135
+ 0.407 (+0.208)E:.0

log (1/1Cs) = 0.982 (20 313)%m
(3.18)

+0.170 (i0.263) I + 4.654
s = 0.32, P4,30 = 56.46

v 1.169 (£0.279)]2

n= 35, r = 0-943

+ 0.883 (iO.SlO)Es,O +0.154 (+0.453)1x

log (1/1C5p) = 0.973 (+0.375)m
6.153 (3.19)
+ 6.1
n=25 1= 0.91, s = 0.41, Fs1 = 34.72
ther shows

ations {3 16) and (3.17) with each 0
but

qrison of equ |
s almost identical,

A comp '
- » . a 1

that the coefficient of 7m in both the squations
05



that of E . .
o Il €quation (3.17) is almost double of that in equation (3 16)

bsc i i

¢Jquinolin-4-
in-4-ones (1-APQs) and l-aryl[I]benzopyranopyrazol-4-ones (1-

ABPg -
), the substitution of any group at the meta position of the aryl ring

will le; . .
ad to an identical effect but at the ortho position it will produce 3

t3
Mes more effect in 1-ABPs than in I-APQs.

In the derivation of equation (3.17), the compound 19 of the Table
(3‘20) was not included, as it was found to be an outlier. The predicted
ACtivity of this compound was found to be much higher than its observed
ac“"if}’. It was hard to explain why this compound possesses so low
ivity (4.96) with that of compound 1 (6.52),

Clvity, If we compare its act
Which gjffers only in terms of the X.substituent at position §, an
intcresting anomaly is found. While the former has bromine at this

ted at this position. An

the latter is completely unsubstitu

tt""’mination of Table (3.20) does not show that there should be any
ompnund by substitunion at this

d 1 . »
Tastic reductjon in the activity of €
analysis of the effect (equation 3.19)

POsition, In fact the quantitative
to account for this effect is
Br or NU; group at

8
“82ests that, although Ix parameter used
it is found

SIafisricauy of little significance, the substitution of
' gnee

this Position should lead to an increase in the acrivity. H
19. It can be ateributed

difficule 1o explain the low activity of compound

o _
an experimental error.
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If we combine compounds 1-20 of series 12 (Table 3.19) and
€ompounds 1-18 of series 13 (Table 3.20) both groups having the
substituents only at l-aryl ring, and use a dummy parameter D cq:al 1o
z€ro for the former and 1 for latter, we get a correlation as expressed by

1
0g (1/1Csq) = 0.707 (+0.288)%,, + 0.658 (¥0.179)E, , + 1.228 (+0.247)D

+ 4.879
(3.20)

n=238, r=0.93, s=0.36, F334=068.16

This correlation is highly significant and suggests that 1-APQs and
1~ABPs can be combined with a dummy parameter indicating their
difference at 5-position. The high coefficient of D in equarion (3.20)

indicates that 1-ABPs would be much superior to 1-APQs for the binding

With BZ receptor.

e., 2-ABPs (compounds 27-34 of Table 3.20),

For the series of 14, 1
at correlation so that we suggest that the

We could not find any significa
at 2-position produces irregular

Substirytion at the aryl ring when it is

effecy.
s arise as 1o how: (i) 1-APQs and 1-ABPs bind to

¢ former, (1) the

Now the question
{ betrer winding than th

group in 1-APQs leads to better

the BZR, (ii) the latter exhibi
of l-ary!l ring

Teplacement of N5 hydrogen by CHs
ubstituent at
e ortho position decre

the metd position

activity, and (iv) 2 S
1 . Ases it.
increases the activity while at th
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and |- i 1
I-ABPs can be shown to bind with rwo hydrogen-bond donor sites H;

a -
nd H which may be present ar the BZR as shown in Figures (3.1) and

(3.2), respectively.

The superiority of 1-ABPs over I-APQs is now attributed to the
Participation of OS5 oxygen also in the hydrogen bonding with the
Teceptor. As shown in Figure (3.2), this oxygen along with the carboayl
Oxygen forms a three-centre hydrogen bond with H; donor site of the

receptor and thus reinforces the binding of the compound with the

IeCeptor,

Now the presence of a methyl groop at N5 in [-APQs (R,=CHj)
Makes the NS5 position ideatical to the NI position of flunitrazepam.
FJUnitrazepan‘l is a member of BZ series and some fundamental SAR
Studies on BZs have suggested that the substitution at N1 position is
advantageous?®. Therefore, the CHy group at this position in flunitrazepam
and likewise at N5 in 1-APQs must be expected to participate in the
binding with the receptor, involving most likely the hydrophobic
interaction. Therefore, a lipophilic regian L, is defined at the receptor for

positive effect o the

the interaction of NS methyl in 1-APQs, giving a

activity of the ligands.

jve effect of meta-substituents at

Similarly, to account for the posit
s Ly and L3 at the

l-aryl ring, we can define 1wo more lipophilic region
since correlations have slready suggested

assume that,

receptor and
99



igl!re
(3.1): The proposed model for the binding of l-arylpyrazolo{4,5-
clquinolin-4-ones with the BZR. H; and H; refer to the
h}’drogcn-bond donor sites and L, L3, and L3 to the

lipophilic sites at the receptor.
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101



that these substituents will affect the activity by their lipophilic character,
the substituents, being at either or both of the meta positions, will be

interacting with these lipophilic regions, strengthening further the binding

of the compounds.

Thus the interaction models represented by Figures (3.1) and (3.2)

explain all the questions surfaced from QSAR swdics. The R

Substituents may be assumed 10 praduce the steric chics Datiiooegs

plane of the aryl ring.
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Table (3.19) 1-Arylpyrazolol4.S-c‘.qumo!in--’i-ones (123 and their

Benzodiazepine Recepior Binding Affinity and
Physicochemic al parameters

log 1 /1

No. R R, R. =x,(R) E..(R Qbsd’ Caled,

b Eq. (3.16)
boH T 0.00 00 3.64 3,71
2 2.Ci \e W 000 <097 4.40 4.28
3 3-Cl Me MO 071 0.00 5.36 5.4
4 4-Cl Me 11 0.00 0.00 4.66 371
5 2-Me e R 000 =h® 444 4.16
6 3-Me Me H  0.56 0.00 5.053 5.26
7 4-Me e © 000 090 1.68 171
8 2.0Me Me H 000 055 425 4.46
9 3-OMe NMe HO 002 0.00 5.13 4.69
0 aon T I 0.00 440 471

11 2-Br \e H 000 21.16 4.70 4.19
12 3.Bc e M 086 500 560 3.55
13 3.F Me W 014 000 483 4.84
LG ol Me H 000 0.00 500 4.71
15 35.Mc, Me I (12 0.00 5.52 5.81
lo pameye Mel B 090 o4 43 416
17 2,3.Me, Me M 0.56 -1.24 4.03 4.71
T - L manmce Contd. .. =
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ES.O (l{)

log (1/1Cs,)

o o R ma(R) Obsd*  Calcd,
Eq. (3.16)
18 3,4Me.  Me H 036 000  5.43 5.26
19 2,6-Me. Me H 000 -2.48 3.66 3.61
20 2,5-Me, Me M 056  -1.24 4.33 $.71
21 H Ph H  0.00 0.00 4.68 4.71
22 3.Ci Ph H 071 0.00 5.52 5.41
23 3-Br Ph H  0.86 0.00 5.82 5.55
24 3-Me Ph H  0.56 0.00 5.52 5.26
25 4.Cl Ph H  0.00 0.00 4.52 4.71
26 4-Me Ph H 0.0 0.00 4.41 4.71
27 H Ph Me 0.00 0.00 3.51 5.94
28 3-Cl Ph  Me 0.71 0.00 7.15 6.63
29 3.B¢ Ph  Me 0.86 0.00 7.00 6.78
30 3-Me Ph Me 0.56 0.00 7.05 6.49
31 4-.Cl Ph Me  0.00 0.00 5.94 5.94
32 4-Me Ph  Me 0.00 0.00 5.96 5.94
33 3-Me Me Me 0.56 0.00 6.58 6.49
34 3.Ci Me Me 0.71 0.00 6.00 6.63
35 4-Cl Me Me 0.00 0.00 5257 5.94

‘Taken from ref, 27, 28 and 29.
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T.'Jh/e 5 g
(3.20): ]-Aryl- 4nd 2-Arylf]]benzopyranopyrazoi-4-ones (13 and

14) and their Beazodiazepine Receptor Binding Affinity

and Physicochemical parameters.
Compounds | — 26 belong to 13 and 27 =34 10 14.

log (1/1Cs0)

ne, L N n. i) E,.(R) Obsd Caled,
. Eq.(3.17)
1 H H 0.00 0.00 6.52 6.19
2 4.Ale H 0.00 0.00 5.70 6.19
3 3-Me H 0.56 0.00 6.55 6.77
4 2-Mec H 0.00 -1.24 4.52 5.07
5 4-Ci H 0.00 0.00 6.14 6.19
6 3-Cl H 0.71 0.00 7.05 6.92
7 2-Cl H 0.00 -0.97 4.80 5.31
8 3.Br H 0.86 0.00 7.00 7.08
9 4-NO, H 0.00 0.00 6.00 6.19
10 3-NO, H -0.28  0.00 6.49 5.89
11 2-NO, H 0.00 -2.52 4.37 3.91
12 4-OMe H 0.00 0.00 6.15 6.19
13 3-OMe H .0.02  0.00 6.12 6.16
14 2-OMe H 0.00 -0.55 5.10 5.69
15 3,5-Me, H 1.12 0.00 7.19 7.35
16 4-NH, H 0.00 0.00 5.89 6.19
B 17 3-NH, H -1.23  0.00 5.47 4.91
Contd...
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log (1/1Csp)

No. R X tm(R) Eso (R) QObsd® Calcd,
Eq.(3.17)
18 2-NH, H 0.00 -0.61 6.20 5.64
19° H Br 0.00 0.00 4.96 6.19
20 3-Br Br 0.86 0.00 7.19 7.08
21 3-Me Br 0.36 0.00 6.85 6.77
22 3,5-Me,  Be 1.12 0.00 7.89 7.35
23 H NO, 0.00 0.00 3.74 6.19
24 3-Br NO, 0.86 0.00 6.80 7.08
25 3-Me NO, 0.56 0.00 6.72 6.77
26 3,5-Me, NO, 1.12 0.00 7.92 7.35
27 H M 0.00 0.00 5.51
28 3-Me H 0.56 0.00 5.52
29 3-Br H 0.86 0.00 4.60
30 3-OMe H -0.02  0.00 5.30
31 H Br 0.00 0.00 4.80
32 3-Be Br 0.86 0.00 4.96
33 3-Me Br 0.56 0.00 5.44
34 3-Me NO, 0.56 0.00 4.48

Taken from ref. 30 and 31. °Not included in the derivation of

equations (3.17) and (3.19)
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3.11 An Overview

As alr is i i
eady discussed in Section 1.1.4, the benzodiazepine receptors
Exhibit 3 '
v —_—
ery high specificity for pharmacologically and clinically active
benzod;j :
odiaz ;
cpmnes and, as shown n Figure (1.4), the minimum structural

Tequir
emen inding i ; ;
t for binding in benzodiazepines are only the aromatic ring A

and the .
carbonyl group in position 2. The substituenis at ring A, the 4

5'(m‘c'tthylemcimino) group, the substituted or unsubstituted N1, and the
5'ph°”)’! ring have been shown to produce lutle effect on in vitro binding.
The Aromatic ring A is believed to undergo n/m stacking, probably with
*Mino acid residues, within the receptor, and the carbonyl oxygen acts as
i proton acceptor and is arbitrartly labelled as n;. If these are only
'Wo kinds of interaction which take place between a BZR and its ligand,
then ap nonbecnzodiazepines (1-11) discussed here musi be as potent as
benZOdiachincs, but they widely differ in their activities from

be - .
Nzodiazepines as well among themselves.

It shows therefore that benzodiazepine receptors may have several
bingd;j : ..
nding sites and the activity of a ligand may depend upon how many of

t . - . :
hese sites the ligand would interact with. The following two models
(Figures 3.3 and 3.4) proposcd by Hollinshead et al.,?* and Ananthan et

al 24 . 0. O g . M T
+** respectively, exhibit that even benzodiazepine derivatives may have

»

4% many interactions as possible with the recepior.
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cqlionic
Site

lipoghilic cleft

F‘S"re (3.3): Interactions of Benzodiazepines with agomist pharmacophore

of the BZR??
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steric
inhibition

out-of-plane

lipephilic lipophilic pocket

pocket

Figure (3.4): A model for the interaction of imidazaobenzodiazepine

carboxylic esters at the BZR agonist site.
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H . -
Owever, the hydrogen bonding and hydrophobic interactions seem

to be mat ) . o
Major forces involved in binding with BZRs. Polar or electrostatic

Inlerac‘ ’ |
tons are of secondary importance. Except in the case of

Pyri .. o a
Yiidobenzimidazoles (5) and 2-aryi-4-piperidinoquinolines (11), in no

ot
..o.,:r . : .
Case discussed here could we find any role of electronic parameters.

The o, . .
¢ two final ¢quactions (equations 3.9 and 3.10) obtained for

Pyrid — . |
Obenzimidazoles exhibit that only an ortho substituent in aryl R

““Oi - . . .
€y can affect the activity through its electron-withdrawing ability,
Oth . . N | |
Crwise the overall lipophilic character of R group is a major
Con . ) ) . .
trolling factor. Equations (3.9) and (3.10) also indicate that R’ group

a
Y NS may also have hydrophobic interaction if sterically allowed. A

receptor,

m , . . - .
odel for the interaction of a pyridobenzimidazole with

t
herefore. can be proposed as shown by Figure (3.5).

In the case of 2-aryl-4-piperidinoquinolines (11) also, only the
electron-withdrawing substituents of both the phenyl rings have been

Shown o be conductive (equation 3.15). It means that cationic sites are
Equation (3.15) suggests that oaly

More frequently available in BZRs.
| be advantageous; its lipophilic

€lectronic nature of Rj substituent wil
Character will have an adverse effect.

the hydrophobic interactions seem to be

In all other cases, however, | |
ding force after the hydrogen bonding. In cases like
i

appear ample opportunities  of

the next effective bin
there

fused imidazopyridines (6, 7).
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Lipophilic
cleft

lidophilic
site

Figure (3.5): A proposed model of binding of a PyridObe"Zimiduou

with BZR
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hydrogen bonding and a strong hydrophobic interaction of the benzene

ring with the receptor such that no substituents at any ring (A or D

studied) are found to be tolerated. A Fujita-Ban analysis (Table 3.12 or

3.13) has revealed that no substituent has any positive contribution to the

activity, rather they all have steric effects as cxhibited by cquation (3.11)

or {(3.12). A model for the binding of 6 or 7 with the receptor can be

visualized to be as shown in Figure (3.6). Likewise the binding of all

other series of compounds can be shown with @ prcdomin:mcc of hydrogen

bonding and hydrophobic interactions and thus Figures (3.1) and (3.2) are

good models for the binding of 13 and 14.
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upophilic
site

Figure (3.6):A proposed model for the binding of a fused imidazopyridine

(6 or 7) with BZR.
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