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CHAPTER - |
INTRCDUCTION



A - BENZODIAZEPINES AND THEIR RECEPTORS

The discovery of Benzodiazepines (BZs) (1) has opened a
new era in research of central nervous system (CNS) and
drugs acting on 1lL. The Benzodiazepines are a clasg ot
centrally aclting drugs wilth wide range of therapeutlic
applications. They are used therapeutically aug
anxiolytics, hypnotics-sedaltivesa, anliconvulsants, muscle
relaxants, eLc.l 1t im well established Lhat

Benzodiazepines and related ligands inlterack with a specific
Bite that is closely associated with neuroinhibitory,
postaynaptic T - aminobutyric acid(GABA) receptors and a
chloride ionophore channelz'3. The Benzodiazepines have been
found to affect the dynamics of virtually all known
neurotransmitore in CNS atleast at high doses. However, il
was obuserved that these changes could not be due to a direct
action of BiZs on neurons that use catecholamines or
acetylcholine as transmitters or to amr action om theirx

receptors.
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The efforts to elucidate the mechaniem of action of BZa
and related compounds were not asuccessful until a few years
ago. GABA acts on atleast two different receptor Lypeaa-a,

Lhe action of BIms ueems to be reslricted to uynaptic effectu
of GABA, thal are mediated by s#0 called GABAp receptors. The
direct conaaeguence of GABAp receptor stimulation seens to
be an increase of the permeability of neuronal membranc
for anions, mainly for Cl anions. The term BZ is a chemical
one 1in pharmacology and therapeutics. The term BZ4s has a
nore restricted meaning designating drugs belonging to tLhe
chemical class of B4s and having a pharmacological activity
gimilar or identical to that of the early Yclagsical” BZs,
such as Diazepam. It would not be possible to completely avoid
Lhe nuse of the term BZs in the above defined sense although
it is no longer correct, since B4s with antagonist activity
have been found. The term BZR (benzodiazepine receptor)
agonists will be uBed to include compounds of any chemical
structure that interact in a similar way with BZR as B2
agonist and hence have s8imilar pharmacological activities.
BZR antagonists denote agents that bind to B2ZR, have no
effect on GABA receptor function, bubt block the effect of BZR
agonists. The term BZR of course no longer signifies a
receptor that successfully interacts with ligands belonging

to BZ claus. The compounds of diverse structure and

natures

have been found to bind to BZR9 and there are Bz derivatives

that interact highly specifically with a completely

differaent receptor such a8 tifluadon with opiate H
10-12

teceplor.



The term receptor contains two absolutely necessary
functions, namely that of recognition and binding of a
ligand, and that of transduction of a stimulus forming
function. A difficulty of using the terms binding site and
recepltor indiscriminately 18 that highly specific binding
sitea may be considered part of a receptor function when,
infact, no pharmacological effect at all 18 initiated by the

ligand binding Bite complex.

Conventional structure activity relationship (SAR) studies
in the BZ series have not advanced our knowledge on
mechanism of action of BZs and related compounds. Bowever,
they have contributed to ilncrease the number of
Lherapeutically useful drugs and have reached a practical
goal. With the identification of a apecific high affinity
binding sites for BZs the interest in molecular
mechanism of action of anxiolytic drugs increased
considerably. The simple in vitro binding test is relatively
well suited for the acreening of large series of compounds
and proved useful in detecting compounds acting directly
on the receptor, distinguishing them from compounds reguiring
in vivo metabolic transformation in order to become active.
It s8oon became clear thal compounds from different structure
classey may well act at the same receptor and have a
Bimilar mechanism as BZs. However among compounds with
high affinity to the receptor not only agonistls, but also

anlagonisls and 1inverse agonists (ligandas that differ

dramatically in their intensive activily or efficacy) were



found. All these facts pointed to a pivotal role of Lhe B4R
in mediating the binding effects of a variety of different
slructures and stimulated SAR sBtudies as an attempt to
define the common gtructure features required for affinity

t.o the BZR.

Since the detection of common structural features is
nowadays greatly facilitated by computer graphics, it is
important to keep in mind that an essential prerequisite for
SAR 1is to compare compounds wilh identical molecular
mechanism of action. For the establishment of meaningful
SAR, 1t is necessary to distinguish between the agonistiec,
antagonigtic and inverse agonistic activities of the

ligand. Tentatively, it could be assumed that different

ligands exert their effects by interacting at the same
sites, each influencing differently the confirmation of the
receptor glycoprotein environment, which modulates

alloaterically the supra molecular GABA receptor, Lhe BZR

and the chloride ionophore. Ligand gtructure and
slereochemistry should correlate with the effector
properties, but at present our understanding of Lhesge

relationships is insufficient. Steric factors were shown to
play an important role. In the BZ series of agoniats and

antagonista, the relevance of confirmation of ring B has

been established. New molecular modelu are certainly needed;

Lhey sbould be shaped according Lo Lhe particular SAR [ound

for different types of ligands. Such refined models could

reach a much greater prediclive potential and usefulness
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than Lhose based wsolely on affinily. The present Lheusis
reporls  QSAR {(Quantitative Struclure Activity Relationship)
studies on some compounds that bind with BZR. Based on thesge
QSAR studies altempts have been made to point out the

active sites at the receptor and the mechanism of

interaction.



B ~ CHOLECYSTOKININ AND ITS RECEPTORS

Cholecysalokinin [CCK, U-Asp-Tyr(S03H)-Mel-Gly-Trp—-Met-Asp~Phe-
N32]13 is a gastrointestinal peptide hormone and putative
central neurotransmitter. 1t is one of a growing list of
peptides that play key roles in normal physiology as

neurotransmitters and neurohormones.Cholecystokinin displays

biological activities both in the peripheral and in the

central nervous system.14 In the peripheral system, the two

major physiclogical actions of cholecystokinin are

stimulation of gall bladder contraction and of

pancreatic enzyme 3ecretion.15'16 In addition to its ability

to cauBe stimulation of pancreabic enzyme secretion, CCK

also causes desensitization, asg well a8 regidual
17,18

gtimulation, of enzyme s8ecretion. Beside the Ltwo major
effects mentioned above, cholecystokinin stimulates glucose
and amino acid transport, protein and DNA syntheses, energy

melLabolism  and growth in the exocrine pancreas, and also

affects secretion, absorplion and motility in the stomach

and intestine. It also stimulates pancreatic hormone
secretion such as insulin, glucagon, somatastatin and
pancreatic polypeptide, both in wvivo and in viLro.lq Al

leagl in two mamnalian specieuy, the rat and cat, CCK and
related peptides are full agonists of gastric acid
dsecretion, producing a maximal response similar to that of
gastrin but with less potency. In contrast, in dogs and

hunanu ,CCK is a weak wstimulant of acid secretion, and this

has been explained by a stimulated mecretion of somatostatin



which acts as an inhibitor of acid secretion by the parietal

cell.

In the central nervous sgystem, CCK induces hypothermia,
analgesia, hyperglycemia, stimulation of pituitary hormone

release and decrease 1in exploratory behaviour. CCK has also

been found to induce Batiety, either following central
administration or even after peripheral .administration,
probably via activation of vagal afferent nerve endings.

However, the mechanism by which CCK exerts its, satiety effect
i8 uncertain and appears to differ within Bpecies.
Cholecystokinin was demonstrated to behave au a
neuromodulator or neurotranamitter: (i) it is synthegized
and stored by specific neurons 1in the brain; (ii) it
i8 released under physioclogical conditions from nerve

endings and can be inactivated after release; (iii) there are

specific CCK receptors located in regions where the
peptide is present; (iv) it can alter the firing ratesg
of neurons when applied ionLophoretically: and (v) it
modifies the release and turnover of other

neurotransmitters. Particularly, it has been demonstrated that

CCK and dopamine (DA) coexist within mesolimbic and

mesccortical dopoaminergic neuronsa. Experiments concerning

functional interaction between CCK and dopamine indicate

that CCK reduces or increases dopamine release depending

on the brain region. 1In addition, CCK appears to increase

dopamine-receptor affinily and reduce receptor densily in Lhe

slriatum. Behavioral studies showed that CCK can 1ncrease,



decrease or have no effect upon DA-mediated behavior such aa

gterotypy and locomotor activity. In other studies, CCK hasa
been reported to increase, decreage or have little effect on
the [3H]DA release from slriatal slices in vitro. However,
degpite Lhe increasing number of studies, the consequence
of CCK-DA interaction within the brain has wstill not been
elucidated, and there seems to be a great deal of

inconsistency within the literature regarding the interaction

of CCK and DA.

There are two subtypes of CCK receptor.20 The one which is
found 1in the periphery to discrete regions of the CNS and
mediates gall bladder contraction and pancreatic enzyme
release is known aa CCK-A receptor. This kind of receptor

appeara to be principally responsible for the satiety actionsa

of peripherally administered CCK.21 The olLher subtype of

receptor ig known as CCK-B receptor and is widely distributed

in Lthe brain and shows a pharmocological profile similar to

: , 23 5
that of gastrin receptor.22 2 CCK-B agonists have been shown

o0 cause panic attack in man24 and CCK-B antagonists

25

anxiolytic properties in animal models. CCK-A and CCK-D

posses

receplors share many similar binding characteristics ( for
examnple affinity, acidic optimum pH and M92+ dependence), but
Lhey differ markedly in selectivity. The C-terminal
octapeptide CCK-8 (CCK—27-33,H—Asp-Tyr(SO3-JHMet—Gly-Trp—Met_
Asp-Phe-NHlp) is bthe minimum naturally occurring fragment

Lthat retains the full potency and complete spectrum of CCK

activities, and also is the predominant form found in the



brain.26'27 Numerous structure—activity studies starting
with conservatively altered derivatives of CCK-8, eg., Boc~-

28,29
e

[N1 ]1-CCK~?7, have examined the effects of aide chain and

backbone modifications on binding to CCK-A and CCK-D

receptor=.30'3l The present thesis gives an account of QS8AR
studies on different CCK- antagonists to further
investigate the nature of binding of these antagonists to

CCK-receptors.



1.

C ~ QBAR METHODOLOGY

With a high demand of newer and better drugs on one side

Lheir discovery has become a challenging process on the
other 8ide due to rcowmplexity of the wvarious biological
systens, Infact, most of the discoveries of drugs so far

have been either by s8Bheer luck or creativity or a

combination of these,

Trial and error methods usually employed for new drug
development are highly uneconomical, an  ULhey require
various predictions like pharmacokinetic, pharmacodynamic
and toxic properties before Lhe synthesis of a chemical

compound. And moreover after synthesis these compounds must be
tested on a suitable biological system. Finally after all
Lhis, it is observed that out of several thousand compounds
rynthesized and tested, hardly one or two or even none

clicks.

To avoid all this, recent advances made in various branches
of science have been employed in designing new chemical leads
and optimization of activilies wilh the congeneric weries
of compounds. Computers alsc have been used for this
purpose and it 18 observed that computer aided techniguen
have been useful 1in reducing random synthesis and screening

of various chemical compounds.

Long back it was proposed Lhat the biological acltivilky of

«

compound 18 a function of its chemical structure. Today,
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biological activity is=s congidered as a function of
physicochemical properties. wWith this concept, structure
activity relationships (8AR) are developed, when a set of
physicochemical properties of a group of congeners can explain
variations in biological responses of those compounds. This
has resulted in discovery, examination and interpretation
of atructure activity relationships in a more systematic way
which led to the introduction of guantitative structure
activity relationship (QSAR) studies. The quantitative
approach to understand the drug action depends upon our
ability to express structure by numerical values, and Chen
relating these values to corresponding changes in activity.
The QSAR atudy triea to explain the observed variations in
biological activities of a group of congeners in termu of
molecular variations caused by the c¢hange of the
substitutents, The two important applications of QSAR analysis
can be stated : the Predictive aspect and diagnostic aspect.
The predictive aspect as the name Buggests is used for the
extrapolation of 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 Lhe other hand answers mechanistic
aspect 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 theue

aupects can lead to Lailor-made desnign of new drua of beltor



activity with lesser or no side effects. Several approaches
used in QSAR studies are : the non-parametric methods - like
Free-Wilson approach32 and Tujita-Ban approach,33 the
parametric methods like Hansch approach,34 discriminant
analysis35 and the pattern recognition technique.36 out of
Lhese technigues, while choosing Lhe method, various factors
have to be kept in mind, like, the quality of the biological
data, number of cowpounds tested, degree of variance in the
results, and the ratio of the time required for synthegis and
biological testing. The most popular and widely used approach
continues to be the linear free energy related model, the so
called Hansch approach,34 where the variance in biological
effect ( ABE) is explained by the variance of certain linear
free-eneryy related substituent constants which describe the
changes in lipophilic / hydrophilic (AL /4 B ), electronic
(AEl), Bteric ( AEs) and other properties of the parent
molecule induced by the substituents. This model can be

expregsed as follows :
ABE = f( AL /7 AH, AEl, AE8, ¢« o « « & « )

The change in lipophilicily can be described by the partition

coefficient log P or the substituent constant w defined
as n - log Py -~ log Py where X refers Lo 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 HPLC. The change in

electronic properties can be expressed by Hammell constant,

pPKa, charge densities, spectroscopic propertier like chemical
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shift from IR or UV spectra, Field constant (F) and resonance
constant (R). The steric influence of Lhe gubstituents can be
described by the Taft steric constant (Es), molar volume

(MV) and molar refractivity (MR).

Begides many a drug activillies have been found to depend
exclusively upon Lhe molecular uize48 which ¢an be described
by the van der Waals volume (Vw) and upon the molecular graph
which is delineated by molecular connectivity 1index ( x,}.47
In this thesis the extensive use has been made of these two
parameterse alongwith the hydrophobic constanl measured in
Lerms of octanol water partition coefficient of the

compounds.

In a stepwigse linear multiregression analysis, the
biological activity (BA) c¢an be related to various

physicochemical, electronic, and steric parameters as :
2 2
BA = a m(or log P) + bx” (or [logPl™) + co + dEs + k ..{1.1)

where a, b, ¢ and d are the regression coefficients and k the
intercept obtained by least wmguare method. Biological activity
can be expressed by negative logarithmic of the concentration
of drug leading to a desired response.

Equation 1.1 shows a nonlinear, i.e., a parabolic dependence
of activity on the hydrophobic character of molecules.

Actually, Hansch had asxsumed a random walk ™ of the
molecules, where hydropohilic molecules tend to remain in

ayqueous  phase. While hydrophobic molecules tend to go  into



15

lipid phase, only those molecules that have a optimal

hydrophilic / hydrophobic balance tend to reach their goal

in reasgonable time and concentration. The nonlinear
dependence of activity on w or log P value, for in wvivo
gystem 1is due to the noanlinear dependence of the rate

constant of drug Lransporl lhrough aqueous and bio-organic
phases on lipophilicity where as for in vitro systems, like
drug-binding inhibition, such nonlinéar relationships result
from equilibrium distribution of the drug toward different
areas at the receptor surface, from limited binding space at

Lhe 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 linear34 and
although the parabolic model proved to be extremely useful
for practical purposes, there was an inconsistency
between 1t and the linear model. Although much lesga is
known about the dependence of biological activities on
lipophilic character beyond the point of optimal
lipophilicity log Po or wg ), most often a linear

relationship 18 observed with a negative slope beyond it. To

nDvercomne such 1inconsistencies between the linear and

nonlinear models, a number of different modeln39—45 were

proposed, out of which Kubinyi's bilinear model was

found, after Hansch's parabolic model, to be the most
46-52

useful model to describe the nonlinear relationships.



LIMITATIONS OF QSAR
Though QSAR studies can be successfully utilized to predict
the activity of new analogues and discuss the mechanisma of
drug-receptor interactions, they have some drawbacks and

limitations as described belows3

The substituenl: effect on hydrophobicity ig characterized
by logP based on an octanol-water system; hence, even a
very significant correlation can not represent a true
model for hydrophobic inlteraction between a drug
molecule and the receptor. The value of logP also
depends on Lhe electronic charackters and the hydrogen
bonding properties of Lhe Bubﬂtituenta.54'55 Thus, ir
one getwu a correlation with logP only, -one can not

conclude that there is only hydrophobic interaction between
drug and receptor and that no electronic intLeraction or
hydrogen bonding takeg place. Another factor that may
influence logP values is steric effect that can prevent
the access of water to a hydrophilic group.s6 Steric
interactions are extremely difficult to extrapolate from
system to system. The ure of parameters 1like MR, MW,Vw,

etc., do not give any idea in what way sateric effects

would affect the drug-receptor interaction. A more smerious

problem arises with the electronic parameters. The Hammett
conatants do not reflect which portion of the drug molecule
would be actually involved 1in the interaction with the

receptor. Quantum mechanical calculations can provide some

help in this, ‘but  they are time consuming and



expensgive.

Although molecules are represented as rigid

structures on paper, Lhey may in fact be quite different

in solution and their dynamic nature ahould be

recognized. There is congiderable evidence that

macromolecules, even in crystalline state, exhibit a
5 ; 37-61 3

wide spectrum of motion. These motilons may be
involved in BOMmE molecular conformational c¢changes on

substrate or drug binding. Both drugs and biomolecules are
three dimensional objects whose chemical features are related
Lo 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 about the three-

dimensional aspects of drug-biomolecule interaction.,

Many slructural features thalt affect the activity butl can

not be parametized by the usual variables like n, o, Eg,

etc., are accounted for by the wuse of indicator variables.
These indicator variables are arbitrarily assigned two
values: One Lo 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
their intercepts only. An indicator variable thus can be
pictured simply a8 a constant that adjusts two parallel

equations into one. If two sets are far apart in data space



desgcribed by the usual parameters, one builds in a large
amount of variance with the indicator variable leading to
a much higher correlation coefficient(rl.62 Despite the

better r, the new correlation may be a poorer one, and thus,
one can be misled i1f other statistical parameters are not

availlable.

Another serious problem in QSAR analysis is the problem
of collinearity.63 For example, 7 and MR most often turn
oul Lo be so collinear that it becomes impossible to tell
whether one or both are involved in SAR. Over and above all,
a 0SAR sgtudy may be incorrectly interpreted if Lthe

biovlogical property of interesat is8 not correctly measured.

A measured biological response may be a complex result
of several processey and an in vitro model of drug-
receptor interaction does nol. always represent tthe Lrue in

vivo model.
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CHAPTER - 1
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AND
THEIR CALCULATION
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This Chapter discussaes the methodology of calculation of
various distinct parameters, on which most of the bioclogical
activitiea are found to be dependent on. lience, they have been

very useful in QSAR studies.

A. Van der Waals Voluma :

The van der Waals volume (Vy) has been found to be
one of the most fundamental characteristics of the drug struc-
ture controlling biological activity. Thia determines the
molecular size and s8hape of the compounds which are very

important in the aspect of drug receptor interactions.

To calculate Vy of moleculea, spherical shapes are assumed
for all atoms according to Bondi1 because of the absence
of generally accepted pear shapes. The values of the van der
Waals radii used and calculated volume of atoms are listed
in Table 2.1. Since van der Waals radii are greater than
covalent radii, a correction for sphere overlapping due Lo
covalent bonding between atoms is needed for the calculation
of V,, of polyatomic molecules. The covalent bond lengthu aml
correction values are tabulated in Table 2,2. A correction for
branching in the molecule is alwmo included in the Vi
calculation. Such correclion iy also mentLioned in Lhe

Table 2.2. All these values have been taken from the

»
-~
literature.
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Table 2.1 :van der Waals radius and volume of atoms..

Atom Radius Sphere volume
(A) (102 a3y
C la? 0.206
n 1.3 0.056
N 1.5 0.141
0 1.4 0.115
S 1.8 0.244
F 1.4 0.115
. aliphatic b 0.206
cl { _
- aromatic 1.8 0.244
- aliphatic 1.8 0.244
Br {
v aromatic 1.9 0.287
~ aliphatic 2.0 0.335
' 1\ aromatic 2.1 0.388
B 241 0.388
He 1.2 0.072
Ne 1.6 0.171
Ar 1.9 0.287
Kr 2.0 0.335
Xe 2.2 0.446

* Taken from reference 2
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Table 2.2: Correction values of van der Waals volume, for

aphere over lapping due Lo covalent bonding, and
branching.
Bond Bond Correclion
length value
(A) (102 &%)
c=e i -0.078
C-H 1.1 ~-0.043
C-N 1.4 -0.065
c-0 1.4 ~-0.056
c-S 1.8 -0.066
C-F 1.4 -0.056
¢-Cc1 taliphatic) 1.8 -0.058
C-Cl (aromatic) 1.8 ~0.066
C-Br (aliphatic) 1.9 ~0.060
C-Br (aromatic) 1.9 -0.068
c-I (aliphatic) 2.1 -0.063
C~I {aromatic) 2:l -0.072
c-B 1.6 -0.113
H~H 0.7 ~-0.030
N-H 1.0 -0.038
N-N 1.4 -0.,050
N-~-O 1.4 -0.042
N-S 1.6 -0.061

0O~ 1.0 -0.034



Table 2.2 Continued . . .

Bond Bond Correction
length value
(a) (102 a?)
0-B 1.5 ~-0.079
S-H 1.3 -0.040
5-5 2.0 -0.062
S~F 1.6 -0.052
n=C | 1.3 -0.094
CuN i . -0.072
C-0O Ls2 -0.068
C=S 1.6 -0.081
N=N 1.2 -0.061
N=0 1:2 ~-0.053
S$=0 y -0.057
CczC 142 ~0.101
C=N 1.2 -0.079
C-C (aromatic) 1.4 -0.086

Branching for
saturated bond except
bonding with H -0.050

* Taken from reference 2.
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B. Molecular Connectivity Index :

Kier and Hall3 introduced this additive topological parameter
Lo drug design. llere the molecular conneclivity index, X,
signifies the degree of branching or conneclbivity in a4 mole-
cule. Different versicons of X are calculated from the hydro-
gen~ suppressed graph of the molecule., For this purpose Lhe
hydrogen—~suvpressed graph will be decomposed, depending on the
X. congidered, into uniform parts called as subgraph(u). Here
Lwo types of connectivity indices, simple mnolecular connectiv-
1ly index (mX) and valance molecular connectivity index (mxv).
are discussed. The wuperscript m iv known as order of tLthe
connectivily index and is numerically egqual to Lhe number of
non hydrogenic sigma bonds present in the subgraph of tLhat

particular'x.

A saimple version of eimple molecular connectivity index 1ias
firut-order simple moulecular connectivily index. IX, and it 1w
computed by

lx:ECiizztaiﬁj)—* LI I N R S S T T S T T R S G S S, (2.1)

where the gsummation extendms to all connections or edqgesn (Ci})
of Lhe hydrogen—nuppressed graph and 8} and Gi are lntegers
ansigned to each atom indicating Lhe number of atoms adjacent
or connecled Lo aloms 1 and j) which are formally bonded.
Here, in deriving this index, only Che number of non-hydro-
genic adjacent atoms are considered bul not the nature of Lhe

atoms and the unsaturation in the molecule.



The valence molecular vonnectivity index, in contraswt to e
gimple molecular connectivity index, takes into account the
nature of the atoms as well as tLhe unsaturation present in the
molecules. Here the connectivily term, GV, i8 defined ax

v v
6 L-ZJ“N” LI I I I I T T T S Y (2-2)

in which Zvi is the number of valence electrons present in
atom 1 and N 18 the number of hydrogens attached to it. A
simple version of valence wolecular connectivity index is
firat-order valence molecular connectivity index, va, and is

formulated ags

va=zCi;:z(6Vi 6v"’—‘ 4% 8 8 B 4 E 4 W et D A e e e ‘2.‘1)

The application of Fg.2.2 for atoms beyond Lhe second row in
the periodic table leads to the same 8¥ value for each
family member, for example, seven for each halogen and six for
each chalcogen. Consideration of valence electrons(zY) togelh-
er with atomic number(2Z) and the number of hydrogen atoms (N

attached to that atom will give appropriate 8" value for atoms
4

heyond second row in the periodic Ltable. The malhematical
expression for thisa is
sV = (zVvV - Np) 7/ (Z2 - z¥) oiala niea le i n b b oo o 0 a1 Do &)

According to this equation Gvcl = 0,70 and Gvnr = 0.25. The

v

8 value for some heteroatoms including halogens are listed

in Table 2.3



Only the above discussed connectivity indices are used in
our studies. Higher ovrder connectivity indices are discussed

by Kier and Hall in {heir [tlUIl()(}l‘d[lh.J



Table 2.3: Valance delta ( 8Y) values for hetercaloms.

*

Group 5" Group [

NH» 3 OH 5

NI3 3 o) 6

N 5 C=0 6

C=N 5 furan O 6

C=NH 4 O=NO 6

Pyridine N 5 H20 4

Nitro N 6 Hy0' 3

NH3 2 F (-)20.000

Niig ' 1 cl 0.690; (. "

N 6 Br 0.254;(0.25)°
} a4

=NH? 3 I 0.085;(0.162)

* Taken from reference 3

a Obtained from Eq.2.4.



C. llydrophobic parameter : [log P}

[ =

The (ragmenl method suggested by UBanwch and Leo for caloulal -
1119 logP, where P iy Lhe partition coefflicient of the wolute
in octanol/water aywlem, 18 khown ax condtructionist or BYn-

Lhetic approach. Experimentally determined logP values can
nften be reproduced or approached theoretically wilh the help
of Lhis approch. The basic assunplion of this approach is

the logP of a soclute can be expressed as a linear sum of
fundamental structural constants known as fragmenls (f)  and

factors (F) that afferct the partitioning egquilibrium.

n m
loquxan fn b rbm Fnl T T T S I TR S R R AN S T T T R S (2.5’
1 1

Carefully conducted partitioning experiment and statistical
survey of the then available partition data have been used in

daussigning values to the fragments and Factors. The working

principle is summarized in the following paragraphs.

In this approach carbon atoms are divided into two categories:
isolating carbons (IC) and nonisclating carbons (NIC). ICs are
Lthose having either four single bonds (at least two of which
are to non heteroatoms) or else are multiply bonded to other
carbon atoms. NIC atoms are carbon atoms multiply bonded to
hetero atoms. For example —é= in CHp=CHp 18 an IC but nolt in
H,C=0. Fragments are of twou bLypes: (1) fundamental fragments
defined as fragments whose free valency will lead to isolat-
ing carbons; (2) derived fragments, a derivative of fundamen-
Lal fragments (e.9. CF3). A fundamenlal fragmenl can be eilher

4 single atom or a group of multiple altowms (e.g., =~C=0, -C N



l)'L)
etc.). A Bingle-atom fundamental fragment can be either an
isolating carbon atom or a hydrogen or a hetero atom all of
which are bonded to ICs. Depending on its nature a fragmentL

will come under one of the following c¢lasges

(1) Non-polar fragments : these are simple ICs and hydrogens
attached to ICy; (2) H-polar fragments: a fragment Lhat can bie
vexpected to form H-bonds eilher by accepling or  donmal oy

an  electron pair (e.qg. -0OH, -COOH, =Nl etc.); and (3) &=

polar fragments: a fragment that 1is strongly elect ran
withdrawing with little tendency to form B-bondas (€.t).
halogens} . In expresning fragmenln, the structural formulan

(ot WLN code) of Lhe regpective fragments will be written aws
subsoeripts of "f", for example aH f~-NU-CO-~-NH for
expresaing the fraagment -~NH-CO-NH~ present in CH3NHCONHCH 3.
Various TFactors (F) are designed to account for the
intramolsecular forces and factors that affect the
partitioning equilibrium of the solute. All these Fs are
identified with the help of different subgcripts and
guperscripts. The mubscripts dare menlioned in the Factorw

Lable. The superscripbls are applicable also Lo {ragments. They

are listed asa:

(1) None = aliphatic structural attachment

(2) ¢ = attachmenl to aromalic ring; if bivalenl Lhe
attachment is from left as written

(3) 1/¢ = as 2 but attachment from righl as written

Lwo aromatic attachmentsy

(4) o9



-
-

(5) X - aromatic attachment, value enhanced by
second, electron - withdrawing =mubstitu-
tent( oy 2 £0.35)

and {6) IR = benzyl attachment.

Underlining any symbol means it is present in a ring system.
Whenever halogens and li-polar fragment are separated by only

one ICs an additional Factor will come into operation.

In c¢alculating Lhe logP of dany compound, the first step is
dividing that compound into 'well defined’ fragments based on
the above discussion and then searching for differenl Factors
operating in between the fragments within the structure of the
molecule., Now the sum of all these fragments and Facltors will
give the calculated logP of that compound. It is always safe
Lo break any compound, especially compounds containing
hetLero atomg, 1nto fundamental fragments rather than into
derived fragment. Some important fragmenls values and Factor
valueg are listed in Tables 2.4 and 2.5 respectively. A

simple example for logP calculation is shown below.

Example , Toluene ( é? \?~CH3) : Thig can be treated as a
compound comprising gix ar&matic carbona, one aliphatic carbon
and eight hydrogena. The fragments can be expressed as

GIGC + fo 8fyg = logP (Toulene)

6(0.13) + 0.20 + 8(0.23) = 2.82 (Cacld.) 2.806(Obsd.)

Since aromatic ring 18 excluded from bond Factor there irg  no



Fy, Lerm in Lhe above equation. And here aliphatic chain length
18 one (=-CH3), o (n - 1)Fp is equal to zero (C-#H bonds are
excluded {rom Factors). The logP of Lhis compound can alugoc be

calculated from two derived [ragmentis au:

v = logP (Toluene)

1.9 + 0.89 = 2.79 (Cacld.)

Sometimes calculated logP values of compounds deviate very
much from the experimenptally determined values. For example,
observed logP of 1,2-methylenedioxybenzene ig 2.08, but the
calculalted wvalue comes out Lo be 1.34 only., Thiu large dif -
{erence may be due to Factors beyond the control of this
mel:hod. However, since it is an additive model, it will
serve the purpose of drug design when used in a congeneric

series of compounds. Furlher details are given in the

5
literature.
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Table 2.4 : Some common FPragment Conatanta.t
: ;
Without f ¢ s With f i Pl
Carbon Carbon
~nir 0.20 1.09 C 0.20 0.20
-¢l 0.06 0.94 -CFy® 1.11
- -0.38 037 -CN ~1.27 -0.34
i § 0.59 1.35 ~CON < -3.04 --2.80 -1.93
~N< -2.18 -0.93 -1.13 ~C(0O) ~ -1.90 -1.09 -06.50
-NO 7 -1.16 -0.03 -CO9p~ -1.49 -0.56 ~0.09
_o- ~1.82°  -0.61 0.53  -cop'™?  -5.19 -4.13
~-H 0.23 0.23 ~-COoti -1.10 -0.42
~NH3 -1.54 -1.00 ~CONH5 ~2.18 ~1.26
~Qii ~1.64 ~0.44 -CONH- ~2.71 -1.81 -1.06
"SH -0.23 0062 —NHCONII"' _2018 -1057 “0082
Fused in Aromatic Ring

Without /®  without /®  with g9 With '®
Carbon Carbon Carbon Carbon
-N= -1.12 -N=N- -2.14 C 0.13 ~CH- 0.354
~N¢ -1.60  -O- -0.08 € 0.225% -C(0)- -0.59
. *
-NZ* -0.56 ~NI- -0.65 C 0.444 -0C(0)- -1.40
* g 4. " Derived fra ;

Taken from reference gement . For methyl

: C .
ethers and ethylene oxide, use -1.54. For ring fusion car-

bon For ring fugion - hetero.
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3. Ilydrophobic constant (m) of substituents:

Although logP can be used as a measure of Lhe hydrophobicily
of a4 whole molecule, ovne often works with a set of derivatives
ol a parent compound in which a large portion of the structure
remaing constant. In such a casge, knowing the relative hydro-
phobicity of substituents can be sufficient for correlation
analysis. Sometimes it has been found that only subslituents
in certain positions interact hydrophobically with a given

r

Liosystem, To enable one Lo work with the relative hydro-
phobicity of substituents and in this way separate hydrophobic

character from electronic and steric effects of substituents,

the parameter m has been defined analogous Lo ¢ as
ﬂx:loq px-—-loq pli ® P P U DS C U O S GO DO OD NG NS Ee SO ‘2.6)

In Lthig expression, Py is the partition coefficient of a
derivative and Py that of the parent compound, for

example,

.('I - loqp --lqu ¥ e DS eSS E PO YTYTELEESETT (2.7)
CgllgCl Cele . .

2.84 = 2.13 = 0.71

A positive value for ®m means Lhat relative to U the substitu-
ent. favours the octanol phdde. A negative value indicates ita
hydrophillic character relative to 1. The value of n
varies somewhat from system to system. Certain » values are

given 4n table 2.6.



q1

E. Electronic Parameter (o):

The development of electronic parameter is one of the most
important break throughs for mechanistic organic chemistry
which came in 1935 when L.P.Hammet proposed B the following

equation to define an electronic parameter o,
U:loq Kx‘—loq Kl.l T8 P Y AS NS E DN E S TSP S SN A M Y Y E e a (208’

In equation 2.8, Kp is the i1onisation constant of benzoic acid
in water at 25°C and Ky is Lhe ionisation constant for the
mela or para derivative under the same experimental condi-
tions. Pogitive values of o represent Lhe electron-withdrawing
and the negative ones electron-donating character of substitu-
ents in the aromabLic ring. For certain subsltituents, ¢ values

are given in table 2.6.
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F. Molar Refractivity (MR):

In various organic reactions, dispersion forces play an
important role and these could be modeled by the wnolar
refractivity (MR) of wsubstituents. Experimentally, MR iu
usually obtained via the Lorentz-Lorenz equation.

n" -1 MW

MR = = .
n® + 2 d

Where n is the index of refraction, 4 is the density, and Mw
is the molecular weighlt of a compound. Since MR ie an additive
constituent property of molecules, (ragment values have been
cajeulated for many common yroups of atoms. 1L has  generally
been assumed that a positive coefficienlk with an MR term in a
correlation equation suggests a binding action via dispersion
forces. Such binding could produce a concomiltant confomational
change in a macromolecular binding site. If the conformational

change favoured the process under study, one would certainly

expect a positive coefficeient with the MR term, however, if
t he conformational change were detrimental, a negative
coefficient could result for the MR term. Negative

coefficients with MR have also been assumed Lo reflecl sgteric
hindrance of one kind or another. Some MR value used are

tabulated in Table 2.6.

For OSAR studies in this thesis, standard values for different

parameters for various subslituenis have been taken from

. I
literature.



Table 2.6: Data on physicochemical parameters of some important

L]
subastituents-

No. Substituent
1 H

2 Cilg

3 Collg

4 CaH7

5 1-C3H7
6 n-C4Hg
7 F

8 cl

9 Br

10 I

11 OCH 3
12 NH 2

13 OH

14 COOH
15 COOCH3
16 CF3

17 NO

18 Ccno

19 CgHr
20 CN

1.02
1.05

1.53

O o
0.0 0.0
-0,07 -0.17
-0.07 ~0.15
-0.07 -0.13
-0.07 ~0.15
-0.08 -0.16
0.34 0.06
0.37 0.23
0.39 0.23

0.35 0.18
0.12 ~0.27

~-0.16 -0.66

0.12 -0.37
0.37 3.45
6.37 0.45
0.43 0.54
0.71 6.78
0.35 0.42
0.06 -0.01
0.56 0.66

MR

10.30
14.96
14.96
19.61
0.92
6.03
8.88
13.94
7.87
5.42
2.85
6.93
12.87
5.02
7.36
6.88
25.36

6.33

cont inued



Table 2.6 continued . .

4.4

No. Subslituent n T L MR

21 N3 0.46 0.27 0.15 10.20
22 NHOI -1.34 -0.04 -0.34 7:22
23 CH=Cilp 0.82 6.05 -0.02 10.99
24 COCH3 =05 95 0.38 0.50 11.18
25 COOC2HSg 0.51 0.37 0.45 17.47
26 COOC 3H 7 1.07 0.37 0.45 22417
27 CH 2011 -1.03 0.0 0.0 7.19
28 CHOHCH 3 -0.86 0.0 -0.07 11.82
29 CH20CH 3 -0.78 0.02 0.03 12.07
30 SCii3 0.61 0.15 0.0 13.82
31 NHCHO -0.98 0.19 0.0 10.31
32 0COClIi3 -0.64 0.39 0.31 12.47
33 OCH(CH3) 2 0.85 0.10 -0.45 17.06
34 0OC13H7 1.05 0.10 -0.25 17.06
35 N(CH3) 2 0.18 ~0.15 -0.,83 1.5 .55

» Taken [rom reference 5.
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CHAPTER - 1
RESULTS AND DISCUSSICN



A : DRUGS BINDING TO BENZODIAZEPINE RECEPTORS

As already discussced 1in chapter I, the discovery of
benzodiazepines (BZs) has opened a new era in research of the
central nervous system (CNS), and drugs acting on it. Tt has
been well established that BZs and related ligands inleract
with a mpecific saite, Lhat is closcly amsociated with aq
neuroinhibitory postsynaptic T -aminobutyric acid receptor
and a chloride ionophore channel.’ Various compounds have been
suggested as poseible 'endogenous ligands'that physioclogically
act on benzodiazepine receptoru.2 Initial observations have
shown that B-carboline derivatives and esters of B-carboline-
3-carboxylic acid, cyclopyrrolones,pyrazcocloquinolines,benzylp-
urines, etc., bind to Bz—receptora.3-5 Some of the compounds
binding to BZ-receptors possess BZ-like agonist activity while
others act as antagonists or inverse agonists.6'7 Many
structure activity relationship studies have been made on
binding of ligands to BZ-receptors, but no complete model of

Lheir interaction has been yet presented. A receptor model

hithertc suggested by Hollinshead et al.8 for the binding of

Lwo prototypes of BZs,diazepam and flunitrazepam, has not been

found to be fully satisfactory to account for the binding of

all types of BZ ligands. It was therefore proposed to carry

out a OSAR study on ligands that belong to different

categories. This study was found to be of great help in the

of the various active sites of the receptors

investigation

and the interaction mechasnism between ligands and those
e Ligands gubjected to QSAR were varying series of BZ

210 . E



40

derivatives, come 8-carbolines and a seriey of 9-

benzylpurines.

Materials and Methods

For a large number of ‘classical'l,4-BZs (I) the data on the
inhibition of [3H]diazepam binding with BZ-receptor were
compiled by Haefely et al.6 These compounds with their 1ICsgg
values (the molar concentration of the compound leading to 50%
inhibition) are listed in Table 3.1. The inhibitin data for
g-carbolines (II) as listed in Table 3.2 were taken from the

9
These data also were against

study of Cain et al,
IBH]diazepam binding. The inhibition data shown in Table 3.3
for some B~-carbolines (III) against [3HI£1unitrazepam binding
with the BZ receptor are those studied by Hollinshead el a1.8
Series of tetracyclic 1,4-B2 derivatives {(IV) and a Berieg of
9g-benzylpurines (V) were also taken for the QSAR study.The BZ-
binding data for the tetracyclic 1,4-BZ derivatives

have been taken from the compilation of Haefely et al.6 and

receptor

Lthose for the 9-benzylpurines f{rom a recent study made by

0 . ;
Kelley et al.l The last two series with their activity

data,ICsg, the molar concentration leading to 50% inhibition

of {3H]diazepam binding , are listed in Tables 3.4 and =

respectively. The physicochemical parameters, particularly the

hydrophobic constant « and the electronic constant o (Hammett

constant), used were those as listed in Table 2.6. a least
1

1 . : ; .
sgquare method was used to derive various correlation

equalions.
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Table 3.1 'Classical’ and their binding affinity
(-logiCrqa) for the receptor
Compd. R1 Rg R7 Rg Rg X Y -log ICgg
e Obs® Calc.
[Egn.3.1]}
T. H H F H H H H 7.40 7.43
2. CH3y H F 1§ H H H 7.77 7.43
3. H H F H H F H 8.13 8,17
4. CH3 H F H B F H 8.29 8.17
S H H cl 1§ H H B 8.03 P2
6. CHy H el H i H H 8.09 7.72
s H 1§ cl H H F H 8.70 8.46
8. H H Cl H H F F 8.80 8.46
9. CH3 H cl I H F F 8.39 8.46
10. H H cl H H cl n 8.74 8.52
11, H H Ccl H H cl F 8.52 8.52
12. H i cl H H cl cl 8.15 8.52
13. CHy H cl ¢ H cl cl 8.26 8.52
14. CH3 B Br H H F F 8.62 8.55
15 cHy N I H | F H 8.54 8.62
16. H H CF3 H H H n 7.89 7.86
17. H il N3 H H F H 8.28 8.23
18. H 1 RO, H il H H 8.00 7.65
19. H 3 NO > H 1§ F H 8.82 8,39
20. cHy H NO2 H H F H 8.42 8.39
9% . H il NO?2 H H cl 1 8.74 8.46
22 cHy B NO2 H il cl n 8.66 8.46

cont inued



Table 3.1 continued

Compd. Ry Rg Ry Rg Rg X ¥ -log ICsgg

" obs® Calc.

[Egn.3.1)

23. 1 H NO7 H H CF3 H 8.46 8.59
24. CH3 H NHOH H H F n 7.02 7.08
25. H H NH H H B H 6.41 6.26
26. CH3 H NH 2 H H H H 6.34 6.26
2% CH3 H NH o H F 1 7.18  7.00
28. H H NHoy - H H cl n 7.12 7.06
29, CHy B CN H H 5| H 6.42 7.36
30. CH3 H CN H H F B - 752 8.09
31. H H CHpCH3 H H H H 7.44 7.37
32. H H CH=CH, H H H H 7.62  7.41
33. B H CHO H H H H 7.37 7.09
34. 8| H COCH3 H H F H 7.74 7.90
35. H H H H H il 3 6.46 6.99
36. H 1§ H ¢ H F H 7.68 7.73
37. H H H H H F E 7.72 7.73
38. Cti3 H H H H r §] 7.85 7.73
39. CHy H H H H cl H 8.42 7.79
40. H Ccl H H H H H 6.49 6.12
41. CH3y Cl £ H 1 155 H 6.82 6.86
42. H H [£] cl 11 F F 7.55 1.3
43. 144 H H CH3 0 F " 7472 7.73
44. CH3 H H H cl F H 7.14 7.73

continued . .



Table 3.1 continued

N

Conolpd. Rt Rg Ry Rg Rg X ¥ ~log ICsg

e obs® Calc.

[Egn.3.1]

5. CH3 C} H cl H F H 6.52 6.86
46. CH3 Wl ci cl H H H 7.40 T2
47. 31 H cl Cl H F H 8.44 8.46
48. H B CH3 cl H F H 7.85  7.90
49. H H cl H Ccl n ! 7.43 7.72
50. H §} ¢l H CH3 B I 7.28 T+72

Yraken from ref.6.
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Table 3.2 : f-Carbolines (IX) and their in vitro BZ receptor

binding affinity (-logk;)

Compound Ry Ry R3 -log Ki
no.

Obs.? cal.lEgn.3.3)

1. CoHg COOCH3 OH 5.24 5.35
= CoHg COOCH 3 H 5.12 5.35
3s CgHg COOCH 3 B 5.41 5.35
4. Colig H H 3.60 3.59
5. CH3 ] H 4.91 4.51
6. B CoOCH3 B 8.98 8.22
gD H CoOH H 4.62  8.22
8. H COCH3 H 7.24 7.74
g, H CHO H 7.21 7.50
10. B COQCH 3 OH 8.58 B.22
11. H COOC 2H5 B 8.96 8.73
12. H COOC3H 7 H 9.00 9.27
13. H CH20H H 5.83 5.45
14. H CHORCH3 H 5.50 5.62
15. H H H 5.79 6.46

4raken from ref.S.

bNot used in the derivation of egn.3.3



1

an

Table 3.3 : Hollinahead's data on B-carbolines (III) for

binding with a BZ receptor.

Compound no. Ry Ry R3 ICgq ., (nM)
1. Cl»0CH3 I OCH9Ph 1.00

2. CHoOCH3 H OH 0.90

3. CHi70Cil CH gy OCH 2Ph 945.00

4. CH20CH 1 3 OCHqy 0.50

5. CH20CH3 H H 2.30

6. CH2CH3 H OCH2Ph 22.00

7 CH,CHj3 CH3 QCH4,Ph 75000.00
8. n H OCHZPh 8.90

9. H CHi3 OCH,Ph 75000.00
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Table 3.4 : Tetracyclic 1,4-benzodiazepines (XV) and their BZ-

receplor binding affinity along with calculated hydrophobic

constant of CORj substituent. For other gubstituents see Table

2.6.
Substituent -log ICgy

Compd . n a — 5 = 3
no. Ry R7 Rg CORy Obed.  cCald.™ cald.
1 NH o H Cl -1.49 5.52 5.91 5.84
2. 0OC9oHs H H 0.52 8.19 8.13 8.17
i, oC 5l H  Cl 0.52 86.77  8.13  8.17
4. 0CHs5 cl H 0.52 7.21  6.92  6.91
5.9 0-t-Cy4Hg H OCH3 1.58 7.34  8.54 8.60
6. O-t~-CyHg H CoHgs 1.58 8.00 8.54 8.60
74 0-t-C4Hg H CHy 1.58 8.49 8.54 8.60
8. 0-t-C4Hg H B 1.58 8.49 8.54 8.60
9. O~t~Cgyllg H sciy 1.58 8.47 8.54 8.60

H F 1.58 8.21 8.54 8.60

10. 0-t-Cy4Hgqg

11. 0-t-CgHg F H 1.58 8.11 8.31 8.35
12. O-t-Cg4Hg H cl 1.58 8.60 8.54 8.60
13. O-t-CysHg F cl 1.58 8.51 8.31 8.35
i3 o~-t-CgHg cl H 1.58 7.05 7.34 7.33
15. O-t-CaHg H Br 1.58 B.66 8.54 8.60
16. O-t-CgHg B I 1.58 8.68 8.54 8.60
17. O-t-C4Hg i CF 3 1.58 8.48 8.54 8.60
18. O0-t~CgHg H NO, 1.58 §.55 8.54 8.60

i cl 1.06 8.85 8.41 8.46

19. 0-n-C3H7

- O n o ci 1.05  8.60 8.40 g.45

cont inued



Table 3.4 continued . . .

Sompds Substituent ] i -log ICgq
no. Ry R; Rg COR;  Obad.P cald.® cald.0
21. oC3ls H cl 0.51 8.77 8.12 8.17
22. O-n-Cylig i cl 1.60 8.59 8.55 8.60
23. O-1i-~CygHg H cl 1.59 8.20 8.55 8.60
24. 0-3-Cylig H cl 1.59 8.54 B8.55 8.60
25. O-CHp-cyclopropyl H Cl 1.20 B.64 8.46 8.51
26. O-n-CgH13 H cl 2.68 8.59 8.44 8.47
. O-cyclohexyl H Ccl 2.317 8.40 8.52 8.56
28. O-cycloheptlyl 1 cl 2.94 8.47 8.32 8.34
29. O-cyclooctyl H cl 3.51 8.28 7.96 7.97
30.  OCHpCglis H cl 1.77 8.82 8.56 8.61
31. OCglig H cl 1.46 8.28 8.52 8.58

Acaleulated from fragment constants as suggested by Hansch and

Leo-lz For substituents at Ry and Rg positions see Table 2.6

bTaken from ref.b6.
“Calculated using egn.3.4.
dCalculated uing eqn.3,5.

€Not used in deriving egn.3.5.



Table 3.5 J-Benzylpurines (V) and their BZ-receplor binding

Substituent's physicochemical parameters uszed are

affinity.

given in Table 2.6.

) Substituent -log ICgg
no. Rj Ry R3 Ry Obsd.< Cald.b cala®
L N(CH3)p H H H 4.89 5.03 5.08
2. N{(CH3)2 H NH) H 6.05 6.72 6.58
ke N(CH3)2 H H Br 3.52 5.03 5.08
é. N{(CH3)2 B NRH 2 Br 6.96 6.72 6.58
o N(CH3)2 H NHCHO  Br 7.96 6.89 6.64
6. N(CH3)2 CH3(S) H H 5.68 5.87 5.92
7. N(CH3)2 CH3(R) H H 4.00 4.19 4.24
8. N(CH3)2 CH3(RS) NH» R 6.80 6.72 6.58
9. N(CR3)2 CH3(RS) NH» Br 6.28 6.72 6.58
10. N(CH3) H OH H 5.92 5.91 5.86
11. N(CH3) H OCOCH3 H 6.36 6.38 6.18
19., OH H H H 4.72 5.03 5.08
1% SCHj i H H 5.48 5.03 5.08
14. N(CH3)2 CH3(RS) OH H 6.32 5.91 5.86
15. OH CH3(RS) OH H 5.66 5,91 5.86
16. SCH3 CH3(RS) OH H 5.92 5.91 5.86
17. N(CH3)» CH3(RS} OCOCH3 H 6.42 6.38 6.18
18. SCH3 CH3(RS) OCOCH3 R 5iul?? 6.38 6.18

aTaken from ref.10.

bCalculated using egn.3.10.

cCalculated using egne.

3.11.

dNot used in deriving egn.3.11.



Result and Discussion

A multiple regression analysis of the data of Table 3.1 has
revealed that the physico-chemical properties of only the Ry
substituent and tLhose of the Y substiltuent in Lthe phenyl
moiety were importanL for the activity of BZs. In fact, Lhese
are the only two substituents which have been varied in most
of the compounds. The remaining substituenls have nol been
altered much; only occasionally have they been changed from N

to CH3 or Lo a halogen. The best correlation, therefore, Lhat

the regregsion asnalysis has revealed for BZs 1iwu:

~-log ICgg = 0.449 ($0.143)mp7 +1.114 (0.361)og7 + 2.174
(x0.537)ay -0.870 (0.387)Ig + 6.988 . , . (3.1)
n = 50, r = 0,91, s = 0,31, Fg,45 = 52.38

where n is8 the number of data points, r 18 the correlation

coefficient, =& is the standard deviation, F is the F-ratio

between the variancea of calculated and observed activities.

Ther data in parentheses are 95% confidence intervals. Ig is an
indicator parameler used to account for the effect of chlorine

presenl at the 6-position. It was given a value of unity or

zero for the presence or absence of chlorine, respectively. It
appears Lo be an importanl parameter, as a noltable decrease in

the significance of the correlatin occurs if it ig dropped

[Egn.(3.2)1. Its negalive coefficient in Eqn.(3,1) uugqests

that the presence of chlorine at the b6-position wil] reduce

Lhe activity approximately to one-eighth. How this negative



bl

effect is actually produced will be discusased later.

-log 1ICgg = 0.443 (:0.170) #gy +1.314 (20.417) ogy + 2.164
{(*0.641) oy + 6.887 o o ow o owow 3 0% o 8 (329
noe 80, r = 0.86, s = 0.37, F3,46 = 44.37

Coefficients of all the variables on the right-hand side in

Egqn.(3.1) are significant at the 95% confidence interval and

the F-value is sgsignificant at the 99% level [Fg,45 (0.01) =

3 T7 Vs Thus Eqn. (3.1) exhibits quite a significant

correlation accounting for about 83% variance (r2 = 0.83) in

Lhe activity. The use of parameters related Lo other

substituents in the compound were not found to have any

further effect on the significance of the equation. Therefore

Egn.{(3.1) sauggests that a highly hydrophobic and electron

withdrawing substituents at the 7-position and a highly

electron-withdrawing group at the Y-position of the phenyl

moiety are desirable for high inhibition of Lhe compounds in

the series of BZs.

For B-carbolines (Table 3.2), Lhe best correlaltion that hay
been obtained is shown by Egn.{(3.3). In the derivation of

6.457 - 4.282 (£1.442) agy * 1.438 (20.863) (ngy)2

2

-loag K;
4.792 (+1.840) 0R2 +0.974 (£0.611) ngo . . , .(3.3)

; r = 0.98, g = 04l Fa,9 = 39.38



Egqn.(3.3), compound 7 was not included since it behaved as an

oullier. As can be seen in Table 3.2, its observed activily

value 1is very low compared to the value predicted by the

equation. The anomalous behaviour of this compound will be

discussed later. Equation (3.3), represents a highly

significant correlation and exhibits Lhe role of hydrophobic

and elecltronic properties of R) and R substituenls in the

binding of compounda with BZ-receptors. A dummy parameter used
Lo account for Lhe effect of the Ry substituent which wau

either H or OH was not found to have any effect on the

significance of the correlation.

These OQSAR studies on BZs and B-carbolines lead us to suggest

the mode of interaction of these drugs with BZ-receptors and

recognize the important active sites in the latter.
13

to

Previous studies on the binding of pyrazologuinolines and

purines and amino acid derivatives'?® with BZ-receptors have

indicated that a BZ-receptor should have a strong nucleophilic
centre, a polar site and a hydrophobic pocket to accomodate
group present in Lhe drug molecule. Thiw

0
L)

any hydrOPhObiC
receptor model is very near to the one shown in Fig. 3.1 for
Lhe binding of diazepam or flunitrazepam, the two BZs againut

which the binding affinily of other ligands are studied. In
Fig.3.1, the receptor is shown to possess two hydrogen bond
donor sites, Hp and H2, one interacting with imine nitrogen Ng

and the other with carbonyl oxygen attached to Co 2
& - -~ \ .
diazepam/flunitrazepam, a cationic site E to interact with
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chlorine in diazepam or with the NOj group in flunitrazepam,

and a large hydrophobic pocket to engulf the phenyl moiety

atlached at the 5-position. This receptor model however isg not
fully satisfactory to account for the binding of ‘'classical"

RZs whose QSAR study has been presented here. For Lhe BZs

which have acted fully as agonists, Egn.(3.1) shows thalt if

Lhe substituent is varied at the 7-position, which is occupied
by chlorine in diazepam and by the NOs group in the

flunitrazepam, the binding affinity would be affected by both

Lthe hydrophobic and electronic properties of the substituent,

Similarly, if the y-gsubstituent of the phenyl moiely, which is

diazepam and F in {lunitrazepam, iz also varied, the

H in
binding affinity of the molecule, according to Egn.(3.1),
would be a function of its electronic property. In

rig.3.l.this Y-substituent has not been shown to interact with

Lhe receptor. The electronic property of the Y-substituent and

of Ry (substituent a#t the 7-position) which is shown to

affect Lhe activity is related to the electron-withdrawing

nature and hence may lead to an increase in the electronic
charge and enable the substituents to interact more strongly
with cationic gites of the receptor. As shown in Fig.3.1,
calionic site is available for Ry (denoted by X). Thus, a
strong electrostatic interaction can take place between the
calionic site and the Ry subslituenl. Now here the attenlLion
can be drawn Lo the role played by the chlorine present at the
6~posirtion. Chlorine is a strong electron-withdrawing gqroup
«nd  Lhus can withdraw the electron from the Ry substituent.

Thig will result in a decrease 1in the electronic charge of Lhe



substituent and thus in the strength of its electrostatic

binding with the receptor. This surmise explains the negative

role played by the chlorine at the 6-position and suggests

further that any electron-withdrawing group at this position

will likewise reduce the activity. It can Lherefore be

expected that any electron-donating group will, on the other

hand, enhance Lhe activity.

To explain how Lhe hydrophobic¢ nature along with the

electronic property of the Ry-subatituent affects the

activity, we assume that the cationic site E' of the receptlor

has some hydrophobic group which interacts hydrophobically
with R in the vicinity. As already pointed out, the Y-
should also be involved in the

substituent in BZsg

electrostatic interaction, but the Hollinshead model (Fig.3.1)
does not show any polar site at the receptor in the vicinity

of this substituent. We therefore assume Lhat the hydrophobic

phenyl moiety 18 not completely

engulfing the

pocket
slightly polar (cationic) at one

hydrophobic but is end to

Since, unlike the Y-substituent,

permit the interaction of Y.
he phenyl ring in 'clasaical' BZs (1) is

Lhe X-substituent of t
o have any effect on the
receptor can be assumed to have no

bindi : $s :
not found ¢t inding affinity, the

hydrophobic pocket of the
on[ormaLional wymmeblry around the phenyl ring, thus

[ 84

p0331bility

ge points into consideration, the

axial
of interaction with the X

excluding any

Taking all the

subgtituent.
jon ol DBZ» with Lheir recepltors can be

s |
mode | for Lhe interac
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0

besl represented by Fig.3.2. Based on this model, the binding

of B-carbolines can alsoc be explained.

Figure 3.3 represenls the binding of B-carbolines (Table 3.2)
for which Egn. (3.3} has been derived. According to Eqn.(3.3),
Lthe binding affinity of this series of compounds is affected
by both hydrophobic and eleclronic properties of the R9
substituent. This 1s very well explained by the model showing

the possibility of both Lypes of interaction, hydrogen bonding

and hydrophobic, for the group.

A Rj group like COpCH3 will exhibit hydrogen bonding at both
hydrogen bonding centres as shown in Fig.3.3 (bonding with H)
is a three—centre hydrogen bond stabilizing the hydrogen bond
with imine nitrogen) and will be involved 1in hydrophobic

interaction too, but a group like CHO will have only hydrogen

bonding and no hydrophobic interaction. Consequently, these

three groups show their effects in decreasing order. A group

which has no hydrogen bonding ability would lead to a very low

activity. Compound 7, which was excluded from the regression
analysis, has very poor activity because R is8 a carboxylic
group which is extensively ionized at the pll used and the

CoO group may be expected to be wufficiently

resulting

hydrated 1in solution to be incapable of participating in
hydrophobic interactions with the

hydrogen bonding o©r

receptor.

Equation (3.3) also suggests that the hydrophobic nature of
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shown in Fig.3.5 would enhance the activity. This is very
obvious, as 1n this configuration the aryl! ring and R3~
substituent will be Lowards E;— site of the receptor.In the
other case, i.e., 1n R-~configuration the aryl ring would be on
the right wgide of the chiral carbon and thus away from the

acltive site of the receptor.

As obvious from Fig.3.5, none of other substituents in 9-
benzylpurinea is approaching to any active site, hence
whatever be their physicochemical characteristics, Lhey have
not been able to affect the activity and conseguently any
parameter related Lo them remained insignificant in Lhe
correlation eguation.

This study points out that the earlier interaction model
{Fig.3.3]1 needs only a slight modification. However, further

study 1is needed to provide a perfect model.



B : CHOLECYSTOKININ ANTAGONISTS

As already discussed in chapter I, cholecystokinin (CCK) is a
gastrointestinal peptide harmone and putative central
neurotransmitter. It exerts a variety of actions on peripheral
target tissues such as gall bladder contraction and pancreatic
exocrine secretion, and may function as a4 neurotransmitter or
neuromodulator in the central nervous system. These effects
are mediated by two receptor subtypes designated as CCK-A and
CCK-B. CCK-A is found in peripheral target tissues and CCK-B
in central nervous system. The Jlatter exhibits ligand

specificifies gsimilar to the gastrin receplor.

Synthetic studies using benzodiazepine core of the natural

product asperlicinl5 have yielded the highly potent CCK-A

7 ; ]
antagonist MK-329(V11116'1 and the CCK-B/gastrin antagonist

L-365, 260(VIII).18'19 However, 8o far hardly any study has

discuasgsed the nature of binding of CCK antagonists to the

receptors, which would have facilitated investigations of the

role o©of CCK in normal physiology and diseased stales and Lhe

design of simpler but more effective nonpeptide antagonists.

Gupta and Saha20 did make some study in this direction through

a guantitative structure-activity relationship (QSAR) study on

analogues of (VII) and (VIII), but got only a rough idea of

ligand-receptor interaction. To have further insight into the

nature of binding and the active sites in the receptor,

further QSAR studies are needed. In this communication, we

present QSAR studies on three different series of CCK
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antagonists and discuss their implications with regard Lo the

nhature of drug receptor interaclions.

MATERIALS AND METHODS

The tLhree different wseries of CCK antagonists that were

Bub jected to QSAR studies are: (1) o Bweries of 3-(3-

indolylmethyl)benzodiazepines [IBZg, (IX) ]| studied by Evans et

_ 17
al. . (2) o wseri1es of glutamic acid (GA) analogues (X))
2
studied by Freidinger et dl.‘l, and (1) a #Heries of
22

gquinazolinone (QZ) derivatives (XI) gtudied by Yu el al
Thenes Lhree veries are listed along wilh Lheilir CCK-receptor
3.8, respectively. The

binding affinilies 1n Tables 3.6
l ructural physicochemical paramneters of substituents
or

controlling the binding affinities were either calculated
the lilLerature. Amongsl the structural

Laken [ rom
der Waals volume V,, the (first-order

the van
v v »
were calculated as discussed in

parameters,
1

valence connectiviily yndex X

The receptor binding affinity parameter 1s 1in

chapter II.»
compound required

the molar concentration of

termsg of ICs0- .
1"'I—-labeled CCK to

al inhibition of binding of

for half-maxim
eay or guinea pig brain, or for

in rat pancr
125 :
I-labeled gastrin to

n of binding of
It 18 gpecified, as the case may

CCK receplors

hal f-maximal inhibitio

pig gastric glands.

quinea
tnotes of Lhe Tables.

be, in the foo
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Table 3.8 : Quinazolinone analogues (XI) and their CKK B

receptor binding affinity.

a -log ICgg®
SeNo. X X ’ Twex T realb ca1d®
L. H H i ©0.056  6.17 6572
2. r i i D115 614 6.23
3, cl I §] 0.244 6.16 6.32
4. Br H £ 0.287 6.43 6.33
5. Mes i 1 0.245 6.82 7.03
6. Et H H 0,399 7.14 7120
7. MeO i 1l 0.304 6.80 6.79
8. i~Pro H 0 0.612 7.59 7.14
9. CF3 H H 0.383 6.32 6.37
10. MeO H Me: 0.304 7.26 Tad2
11. MeO H MeO 0.304 7.17 6.78
12. MeO H F 0.304 6.96 6.87
13. MeQO H cl 0.304 7433 2421
14. MeO H Dr 0.304 7.42 7.30
15, MeO H Br 0.304  7.47 7.30
16. n-°Pro H Br 0.612 7.24 7.66
17. 1-Pro i Br 0.612 8:03 7.66
18. Et H Br 0.399 7.34 T SF
19.. MeS a Br 0.423 7.34 7.38
20. CF3 H Br 0.383 6.64 6.88
21, NMe 9o Ii Br 0.501 7.80 7.95
225 MeO MeO Br 0.304 6.89 7.30

cont inued



Table 3.8 continued . . .

~log IC50a

S.No, X Y Z Vw, x B o

Obsd. Cald
23. 1 MeO Dr 0.056 7«51 7423
24. ] ELO Br 0.056 7.06 T, 23
25, H i-Pro Br 0.056 6.96 7.23
26. I It Br 0.056 FuDB T <23
27. H i-Pr Br 0.056 7.43 P
28. 6] MeS Br 0.056 7.43 7.23
29. H NMe 2 Br 0.056 7.48 728

ICs5p :the molar concentration for half-maximal inhibition of

binding of [12511CCK—8 sulfate to mouse brain membranesg.

& Taken from ref.22.

Calculated from Egn.(3.17).
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RESULTS AND DISCUSSION

s ¢ : bewul
ltipl regression analysis was perf{ormed and the
A multaiple :
X " 3 ‘IK_
‘a3 : the first serieas of CCC
i : was oblained for
correlation that

] * .12) :
an'ag w

2
) -
1 ICsQ = 5.290 ($2.631) Vy, Rl ~ 8.375 (+#2.883) (Vw,Rl
~-i0g9g )

0.668 (£0.265) XY R2 - 0.723 (10.464) Iy +

2
0.362 (10-342) D'|50316 ..---a---oa-..---(3-1~)

28 r = 0.91, g =~ 0.42, Fg 22 = 19.96
n = .

hi equation represents a highly significant correlalion
This

between the CCK-receptor affinity of 1IBZs (IX} and the
etwe

tructural parameters of the substituents. Two dummy
skbru

parameters Iy and D have also been used in the

equation. Iy
with a value of wunity indicates that X-substituent is
chlorine, otherwise with a value of zero it indicates that ¥
ig simply a hydrogen alom. The parameter D is concerned wilh
the configuration of the indolylmethyl group at the 13-

position. IL has been assigned a value of unity for Rgr-

configuration, -1 for S-configuration, and tero for RS-
configuration. Though Egn. (3.12) exhibity a highly
significant correlation,

1t predictyg a very high

value for
compound 7

a8 compared to its obuserved

actiivity, Hence on
exclusion of thig compound, a much better correlation was
obtained [Egn, (3.13)].

In Egns. (3.12) and (3.13), we have
used the van der Waals volume of

Ri-substituent and (1rsl
order valence connectivity jndex for Ryp-aubstituent. A
replacement of le

9ave anferior resuldl. No physicochemical or



log ICsg = 3.933 (£2.074)¥,, g1 - 7.236 (£2.225) W, gall” =

0.660(£0.198) %Ry - 0.864 (20.353) Ix ' 0.518
TP T 1 PSPPI S—— SRS
n = 27, r = 0,95, g = 0,31, Fg 21 = 318.32

structural parameters for Y- and Z-subslituetns were found Lo

have any relation with the actaivaity.
Table 3.7, the best correlations obtained

For GA analogues of

were as follows,

-log IC5g(pancreas> = 1.312 (£1.220) Vg, N - 1.173 (*x0.847)
Ve Ri + 9.449 (£4.457) Vy Rz ! 0.618
(¢0.392) D - 5.251 corvecccccceren (3.14)

n - 16, r = 0.92. g = @053, Fq. 11 = 16.13
“log ICsp(brain) = 73.774 (£44.431) Vy N - 24.970 (:15.382)
(v )2 1 3.929 (£4.873) Vy Ry ¢ 0.510
{¢0.448) D - 50.982 .ecccecrosvcssne s x knd

n o= 155 r = 0.91, s - 0.56, Fq 10 = 11.47

u10q1c50(gas.glands) = 73.696(!48.598)VW'N - 25.125 (+16.824)
>
(VN'N) ' 4.842 (x5330) Vw r?2 1

0.426(£0.490) D - 51.503 .uvuu...(3.16)
5= 18 r = 0.88, g = 0.61, Fgq,10 = 8.43

In Egns. (3.14)-(3.16) V, n refers to the van der Waals volume

of N(R)p group 1n (X) and D is a dummy parameter to indicale
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lhe: configquration of R2 group., IL haw been assigned a value of
unity for R-configuration, -1 for S-configuration, and zero
fro RS-configuration. In Lhe derivalion of Egns. (3.15) and
(3.16), compound 10 wad nol included as it behaved as an
outlier. These equations prediclLed its activity wvalues much
higher Lhan the corresponding obgerved ones. The reasons of
such differences for compound 10 in Table 3.7 and for 7 in

Table 3.6 will be dincussed later.

Although the van der Waals volume for Rp-substituent does not
appear to be statistically significant at 95% confidence
intervalys in Egyns. (3.15) and (3.16}, its deletion reduces the
overall significance of the correlaltion (r becomes 0.87 for
Egn. (3.15) and 0.82 for Eqn. (3.16). The delelion of D from
Egn. (3.16), which is also not statistically significant
Lhere, further reduces Lhe value of r leading to 0.76., Thus
these two parameters appear to be important in conltrolling the
binding affinity of compounds. No physicochemical ar
structural parameters relaled to Rp-substituent were found to
have any influence on the significance of Lthe correlations,

when included in Egns. (3.15) and (3.16).

For quinazolinone analogues (Table 3.8), the CCK-B receptor
binding affinity was found Lo be correlated to also
hydrophobic parameter 7 and Lthe electronic parameter o
(Hammett constant) of some gubstitluents in addition to V.

The best correlation that was obtained in this case iy as

shown by Egn. (3.17). This equation exhibils a fairly
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-luog ICgg - 0.598 (10.282) =7 + 1.056 (20.621) Vw.x - 1.622
(100760) O"X ! 6-660 © B 2 DS S Y TP O RO ETDTTRS .o.....l(3'17)
no= 29, r = 0.85, s - 0.28, F3 25 - 21.28

significant-correlation. No pdarameter for Y-substituenlt was

found to be effective.

Now these QSAR equations can be used Lo investigate the aclive
sites at the receplors. For 3-{3-indolylmethyl)
benzodiazepines (IX), Egns. (3.12) and (3.13) suggest Lhat R1q
group attached to v will have some dispersion inleraction
with the receptor, as the activity is correlated Lo its wvan
der Waals volume. But since there is a parabolic correlatl ion
of activity with V,,Ry;, the interaction would be optimized

gkl 4 value of Y, = 0s272 x 10° & Fige: 13:1377, which &s

only slighlly more than Lhe V,, of CHjy group, a group present

al N1 in highly potent known CCK antagonigts (VII) and (VIII).

It therefore means that the active site at the receptor
inleracting with Ry group will have a limited bulk tLolerance.

o 1yv :
SimilJarly, the negative coefficienl of X R2 in Byns., (3.12)

and (3,13) suggesls that the longer or bidger is Lhe Ry group,

the more would be the steric effeclt. It has been recently

Pointed ouL20 that the whole indolyl group can react with A

large hydrophobic pocket present in CCK-A and gastrin

receptors. Thus it is in conformity to the previouy finding

Lhat any substituent present alt indolyl ring wjill hinder its
interaction wilh the receptor. Moreover, Egns. (3.12) and

(3.13) also express that indolyl ring will have positive
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effecl only when 1L 18 in R-configuralion.

Steric effect in inhibition mechanism will also be produced by
¢hlorine group present at 7-position of benzodiazepine moleby
as Iy indicating the presence of chlorine has tLthe negative
coefficients 1n Egns. (3.12) and (3.13). It indicates eillher
the whole phenyl moiety or a part of it around 7-position
interacts wilh the receptor and, if a bulky group like
chlorine is present at the 7-position, this interaction 1s
hindered. Since no physicochemical or structural parameters

for Y- and Z- aubstituenlts were found to be important in the
correlations, iL can be assumed thal Lhey have no oppertunily

to have any kind of interaction wilth the receptor.

In GA analogues (X), Rp=-substituent is eguivaleni to indolyl

group in IDNZs. Bynwe. (3.14)-(3.16)

obtained for GA analogues

clearly exhibit that R7 group will interact with the receplor

but  may have the dispersion interaction. Thus tLhe assumplion
; 2 20 2

of Gupta and Saha that indolyl group interacly wil}

- -€ ilh

Lhe
receptor is verified, but this agsunption i1s rectified in Lhe
Benge thal tLhere mighl not be hydrophobic interact on ;uL
dispersion interaction. Further Eqns. (3.14)-(3,16) also ghow
Lhat, just like indolyl group in IBZs, the Ro-substit i
GA analogues B

will also have betlLer InteraclLion

. when in np-
configuration.

The involvement of N{R) 2 group also ip dispers;
ion

| interaction
with receptors ig suggested by Eqgng

[ ‘ | (3.14)—(3.16). But  while
or CCK receptor in pancreas (CCK-~A) Lheya 1y 1
- . only a  linear



relalionship between the activity and vV, N, for that in brain
(CCK~DB) and for gastrin receptor Lhere are parabolic
correlatltions beltween the Lwo. Thus, CCK-B and gastrin
receptors are found to have limited bulk tolerance for N(R)3

i - N 'l
p The optimum value of V, y for both the receplors 8
group.

d 1.47 x 102 A3 which is less Lhan V,, for N(n-pentyl)?
aroun . ’

- 4
group This suggests that R should not contain more Lhan
gro .
carbon atoms. If this N(R)2 group is compared with the thick-

line moiety of IBZs, as shown in Fig. 3.6, it becomes obvious

why X produces the steric effect in IBZs when it is chlorine

and not when it is hydrogen. It comes after the fourth carbon

atom in the chain after N4. These disgcuxsions however do

not

throw any light as Lo why compound 7 in the series of IBZs and

compound 10 in the series of GA analogues behaved as an
outlier.

For QZ analogues (XI), Egqn. (3.17) exhibits that ULhe Z-

substituent of the indolyl ring may be involved in the
hydrophobic interaction with the receptor. This may be

Lrue,
as while the whole

indolyl ring may be involved in the
digpersicn interaction,

4 subsatituent on it may approach to

a
hydrophobic region at the receptor and may bind o it
hydrophobically. However, the X~substituent of N3—phenyl ring
1s  ghown [Egn. (3,17)] to be involved in  dispersion
interaction only and further g eleclrogy donat 1ng ability is
found to have po?itivv effect on the binding. The electron

donation may make the 8ubstityenr

dctquire the positive charge
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and thup instead of a weak digpersion interaction, there can
be strong charge-dipole interaction. From the correlation
analysig the Y-substituent is not indicated Lo have any kind

of interacltion with the receptor.

From Lhe above findings il becomes clear that CCK and gastrin
receptors each possesses two large polar sites where indolyl

Oor equivalent group and a group on Lhe other end of the
molecule may have strong dispersion inkeraction. In addilion
Lo Lhese Lwo sites, Lhere can be some secondary sites where
S0me small substituents of the molecule mighl interact. These
Sites may be polar or hydrophobic in nature. Figs. 3.7-3.9
show the binding of the three different series of CCK-
d4btagonists to Lhe receplors. In Fig. 3.7, the binding of Rj
9roup with a s8mall active site (presumably polar) is in
d9reement to the previous model.?® This R1 group, as already
diacussed, should not be larger than CH3 group, a group that
18 presgent in potent antagonists, MK-329 (VIXI) and L-365,260
{VIII}. CH3 group at this position appears to be the most
4ppropriale group not only from the point of view of its sgize
buy also from the point of view of its some other
Characleristics, as Ry group in GA analogues, which i
®Xpected to interact with the same active sgite with which R
in 1Bzs  interacts (Fig. 3.7 and  3.8), makes g negative
“Ontribution to the activity [Egn. (3.14)] even if it ig pop a
ldrger group but a ymaller group like OH. CH3 ig gq e Jea L .
donating group and OH ig an electron—withdrawinq group,

It can

be Lherefore assumed that Ri should not be only a small group



Fig.3.7. A )
proposed model for tLhe binding f
C O 3-(3-

. ) 3 . (i 7 43 -
ors 1n

pancreas (CCK-A). A,B,C all sites are aggy d
me t.(.) bies

polar in nature.



Fig.3.8.
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A proposed model for Lhe binding of

glutamic acid

analogues to CCK-A receptors. A,B,C all sites are

agsumed Lo be polar in nature. In CCK-B (CCK

receptors in brain) and gastrin receptors, the site

Cc is assumed Lo be absenti.



Figl309-

A proposed model for Lhe binding of Quinazolinone

analogues to CCK-B receptors. Sites a AnRd © gy

aggumed Lo be polar in nature, while site o Gg

agsumed to be hydrophobic.



101

bul alsc an electron-donating group. A comparison ol Fig. 3.7
with Fig. 3.8 suggests that the nature of binding of
benzodiazepine derivatives and that of gsimple GA analogues to
CCK-A receptors are almost identical. However, the binding of

GA analogues to CCK-B and gastrin receptors iy slightly

different from their binding to CCK-A receptors in Lthe sense

Lhat R} group is nol found to be bonded with the former [Egns.

(3.15) and (3.16)1. Thus in CCK-B and gastrin receplorsg, no

such active site with which R; can interact should be assumed

{ ¢

be presenl. Aldo the gsludy on Lhe binding of 9% anhalougues

to  CCK-B receptor does nol indicate Lhe presence of any such

active site at this receplor (Fig. 3.9).
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