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This dissertation submitted by the Author is in
vartial fulfilment of his Ph.D. degree. It presents an
account ol quantitative structure-activity relationship
(23AR) studies on some drugs acting on central nervous
system (Zis), which includes drugs binding to the benzo-
diazepine-receptors (BZR)—=pyrazolo[4,5-¢] quinolines,
N-(indol-3-ylglyoxylyl)amino acid derivatives, substituted
9-benzyl-Cl-purines, 0xadiazolylimidazobenzodiazepinesu;
some potential neuroleptics, cholecystokinin antaconists etc.
It also includE 254R studles of some local anesthetics,
as local anesthetics are also broadly classified as miscellaneous
CNS. Most of the work of the thesis is

drugs acting on
either publighed or under consideration for publication by

international journals of repute,

The thesis as such contains four chapters. Chapter I

presents a brief introduction of drugs acting on S and

QNSAR study. Chapter II describes the importance and methods

of calculation of various parameters used in the correlation

study. ChaptersIIl & IV contain the QSAR studies made by

the author on drugs acting on CNS and local anesthetics,

respectively.
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CHAPTER I

Introduction



A Drugs Acting on Central Nervous System :

Mo

The most widely utilised group of pharmacologi-
cally active substances are the drugs which primarily
exert thelr effects upon the central nervous systenm,
They are the most important group of biologically
active substances. One way or other they influence the
1ife of elmost each and everyone everyday. These agents

are therapeutically invaluable because they can produce

specific physiological and psychological eiffects. Drugs
+1 that affect the CN3S may selectively relieve pain

or fever, Suppress disorders of movement or prevent

geizures, induce sleep or arousal, reduce the desire

to eat or allay the tendency to vomit. They may be

used to treat anxlety, mania, depression or schizophrenia

without altering consclousness. The introduction of

psychotherapeutic agents over the past several

potent

years has had a dramatic impact on the basic concepts

and treatment of mental illnegs. Socially acceptable
stimulants and antianxiety agents produce stability,
relief, and even pleasure for many. However, the
execessive use of these and other drugs can also

agversely affect 1ives when thelr use leads to physical

dependence or agdiction on the drug or to toxic side

offects which may lead to the fatal effect.



To understand the cellular and molecular basis
of the varied functions oi the enormously complex human
brain, pharmacologists are using the unique but different
quality of drugs that affect the central nervous
system and behavior. In this complicated effort,
pharmacolgists have two major goals: firstly to use
drugs to dissect the mechanisms that operate in the
normal CHNS and secondly to know the characteristics
of the receptors and to develop appropriate drugs to

correct pathophysiological events in the altnormal CNS,

Approaches to the elucidation of the sites and
mechanisms of action of CNS drugs demand understanding
of the cellular and molecular biokogy of the brain,

Al though knowledge of theanatomy, physiology and

chemistry of the nervous system is far from complete,

the acceleration of interdisciplinary research on the

CNS has led to remarkable progress. The success of

these studies ig based on the knowledge of the sites

and mechanisms of actions of different CNS drugs,

which requires a thorough study on thelr structure

activity relationships. A detailed knowledge of

receptors and mechanisms of actions of different CNS



drugs will lead to design and develop new potent drugs
of specific action, devold of side effects., As such
in recent times pharmacologists and medicinal chemists

are making great efforts in that direction,

B, Classification of CNS Drugs :

For an extensive and systematic study of any
kind on CNS drugs, it is essentially required to classify
them on some particular basis. The most appropriate
way would obviously be according to their modes of action.
However, till now there is no adeguate and authentic

knowledge about their exact modes of action; hence it

would not be possible to classify them on this basis.

NS drugs basically can be classified under two
broad headings; specific and nonspecific depending

uoon the way they produce pharmacological actions. The

effect of drug is considered to be specific when it
affects an jdentifiable molecular mechanism unique to

target cells that bear receptors for the drug. On the

otherhand, & drug 1s regarded as nonspecific vhen it

produces effects on many different target cells and

acts by dilverse molecular mechanisms. This terminology



thus distinguishes broad actions at many levels of the
CNS through effects on specific molecular mechanisms
(e.g., atropine blockade of muscarinic receptors)
from nonspecific actions. But obviously a drug that
is highly selective when tested at a low concentra-

tion may exhiblt nonspecific actions at substantially

higher doses.

As the number of putative neurotransmitters has
increased and as techniques have been evolved for the
analysis of the actions of drugs upon specific target
the list of drugs that have been regarded as

neurons,

having general actions has become considerably shorter.

Thus, more and more drugs exhibit actions that can be

related teo specific mechanisms,

prugs whose mechanisms currently appear to be

general or nonspecific are classed according to whether

they produce behav
while specifically acting CNS drugs can be classified

joral depression or stimulation,

more definitively according to thelr locus of action

or specific therapeutic useful_ness.



(i) General(Nonspecific) CNS Depressants: The

agents under this category are having the ability to
depress excitable ftissue at all levels of the CNS by
stabilization of neuronal membranes, leading to a
decrease in amount of transmitter released by the nerve
impulse as well as to general depression of postsynaptic
responsiveness and ion movement. The anesthetic gases

and vapors, aliphatic alcohols, and some hypnotic-sedative

drugs are considered in this category.

(1i) General(Nonspecific) CNS Stimulants: Under this
category are those drugs which are capable of powerful
excitation of the (NS and the agents which have high

stimulant actions. Stimulation may be accomplished

by either of two general mechanisms: by blockade of

jnhibition or by direct neuronal excitation that may

be due to increased transmitter release, more prolonged

tran smitter action, labilization of the postsynaptic

membrane or a decrease in synaptic recovery time.

Cerebral stimulants (xan‘bhines), brainstem stimulants
(picrotoxin, pentylenetetrazole), and spinal cord

stimulants (strychnine)can be put in this category.



(1ii) Drugs that Selectiveiy Modify CHS Function: The

agents in this group may cause depression or excitation or
both simultaneously on different systems. Some agents in
this category may have little effect upon the level of
excitability in doses that are used therapeutically.

Drugs under tais category arce anticonvulsants, antipar-
xinsonism arugs, neurolepticsiantidepressants and antimanic
and antipsycnotic agents), tranquilizers, secative and
narcotlic analgetics and analgetic antipyretics.

hypnotics,

(iv) Miscellaneous : There are certain drugs which

e not considered to be acting centrally but may sometimes

ar

produce profound effects on the CNS as part of their

pharmacological actions. Many drugs administered for their

peripheral action also produce side effects or toxic reac-

tions that can be referred to the CNS. All such drugs can
be placed in a aevarate class designated as miscellaneous.

Tt is novw generally accepted that the CNS has excita-
tory and inhibitory chemical transmitters. The most probable
of them are! acetylchol ne, adrenaline, noradrenaline,
serotonine, histamine, L-glutamic acid and

dopamin €y
no acids, Y-aminobutyric acid{GABA), and

related ami

Many drugs that modify the functions of the CNS

glycine.



have been demonstrated to affect concentration of one or
more of these substances in the central as well as peripheral
Apart from these neurochemicals, 'several

endogenous peptides have been discovered in the brain ',

nervous systems.

They include enkephalin, endorphines, somatostatins, thyro-
tropin-releasing hormone(TRH), luteinizing hormone releas-

ing normone(LHRH), gastrin, cholecystokinin, oxytocin and

substance P. Drugs interfering with the release and in-

hibitory action of these endogenous peptides may produce

certain CIS effects.

The present dissertation embodies a quantitative

structure-activity relationship (QSAR) study on certain

catagories of CNS drugs. Mainly the stress has been given

to the study of benzodiazepines(BZs) and other agents which

act at or bind to benzodiazepine receptors(BZR), some

neuroleptics,anticonVU1santS and local anesthetics.

C. Quantitative Structure-Activity Relationship (QSAR) Study:

Long ago it was pProposed that the biological activity
of a compound is a fimction of its chemical structure. Today

piological or therapeutic activity is considered to be a

function of physicoch
activity relationships

emical properties. with this concept,

structure- are develaped when a set of



physicochemical properties of a group of congeners is
found to explain the variations in biological resnonges
of those compounds. This has resulted in the discovery,
examination, and interpretation of structure-activity
relationsnips in a more systematic way, which has led to

the introduction of quantitative structure-activity rela-

tionships (QSAR).

The correlation of molecular structure with bio-
logical 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 decade, considerable advances have been made
in studies of structure-activity relationship, largely
because of the trend towards expressing all aspects of
"gtructure! in quantitative terms relative to some standard.
The most significant contributions to this endeavour have

been made by’ an organic Chemist, Prof. C. Hansch and
)
co=~workers., "

The quantitative approach to understanding drug
action depends upon the ability to express structure by

numerical values and then to relate tnese values to corres-

ponding changes in activity.
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The response is going to be determinecd by the
structure, that is by the physicochemical vroperties 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 RSAR study tries to explain the reasons of
observed variations in biological activities of a group
of congeners in terms of molecular modifications or varia-
tions caused by a change of the substituents. QSAR studies

generally have two important aspects: the predictive aspect

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

of a correlation study. The diagnostic aspect, on the other

hand, answers mechanistic aspects of the reaction. Results

of both these aspects can lead to tailor-made design of new

drug of better activity with lesser or no sideeffects.

Several approaches are there for QSAR studies.
Some important approaches of them are the nonparametric

methods developed DY Free and Wilson,3 or by Fujita and Ban,h
the parametric method developed by I'l'c?vﬂlsch.2 discriminant
analy815,5 and the pattemm recognition technique.6 Various

such as quality of the biological data, number of

factors,

compounds tested, degree of variance in the results, and



ratio of the time required for synthesis and biological

testing dictate the choice of approach for +the QSAR study,

The most widely used approach continues to be the
so called Hansch approach.® In Hansch approach, the variance
in biological activity (BA) is explained by the variance of
certain physicochemical and structural properties of mole-
cules. The physicochemical properties include electronic
characteristics, steric factors, and the solvent-partitioning
or the hydrophobilc effects. The structural properties
ineclude van der Waals volume for size and shape and mol ecul ar
connectivity index for topography of molecules. Thus the
Hansch model proposes the dependence of the biological
activity of drugs on their physicochemical and structural
properties to be in the fashion as shown by eqn.1.1,

where 7T or log P is a hydrophobic parameter, g- an

electronic parameter, ES a steric factor, and S g structural

D 2
BA = a + b (or log P) + ¢ (or log P)¥ + d0+ eE _ + £S5 - (1,1)

parameter defining the shape, size or topography of the

molecule. All these parameters are briefly described in
Table 1.1 in accordance with various sources, =17



TABLE 1.1

Linear Free Energy Related Parameters

Parameter

Name

Description

P

G(Tm, O‘i,)

Partition coefficient

Hydrophobic constant

hydrophobic constant {rom
chromatography

Hammett con stant

log P taken as a measure
of the hydrophobicity,

of the molecule; for
measuring P, an octanol-
water system preferred.7’R
x = log P, - log Py, where
Py is the partition
coefficient of the substi-
tuted compound and BH

that of the unsubstituted

8
reference compound.

Q
log P linearly related”

to RM as log P = R, +
constant

Defined10 only for meta

and para substituents to
represent electronic chara-
cter; positive value of G
denotes electron~-withdrawing
character and negative
value of 0 denotes elec-
tron-donating character:
parameter may represent
effects of ionization,
hydrogen bonding, and charge-
charge or charge-dipole
interactions of compounds
with the receptor,



Table 1.1 contd..

13

Description

Parameter Name

oo Hammett constants

E Taft steric constant
s

MR Molar refractivity

Used, respectively, when
substituents donate electron:
to a positive site or
withdrawn from a negative
site by direct resonance
interaction11’12
related to the acid-cata-
1lyzed hydrolysis13 of
K-substituted acetates
(XCH,COOR) and represents
the steric effect affecting
intramolecular and inter-
molecular hindrance to the
reaction or binding.

MR=[(n%-1)/(n%+2)] MW/q,
wheren is the refractive
index for the sodium D

line, MW is the molecular
welght, and @ 1s the density
of the compound; MR can be
used1h as a steric parameter
in the absence of ES, meas-
ures the electronic effect
also14 and may reflect the
dipole-dipole interaction

at the active site!?
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Table 1,1 contd..

Parameter Name Descrintion

v, van der Waals volume ijb has also been usead
as steric parameter.

Molecular connectivity . topological parameter17
defined to account for

the effects of kinds of
atoms, bonding type, adjac-
ency environment, branching
pattem , unsaturation, ang
hetercatom content in a
molecule on its reactivity
or activity.

index

Equation 1.1 shows a nonilinear, i.e., a parabolic,
dependence of activity on the hydrophoblec character of molecules,
Hansch, in fact, had assumed a "random walk" of the molecules,
where hydrophilic molecules tend to remain in aqueous phase,

drophobic molecules tend to go into 1ipid phasge,
hydro

: timal hydrophilic/hydrophobic
les with an op
and only molecu

reach their goal in reasonable time and
o)

balance tend t
For in vivo systems, the nonlinear dependence

conc ent I‘a‘ti on.
te constants of drug transport through aqueous ang
ate

of the r

biocorganic phases
xplanation for the nonlinear dependence of activity
reasonable e

on lipophilicity seems to be the most



on T or log P. For simple in vitro systems, e.g., enzyme

inhibition or drug-binding inhibition, such nonlinear rela-
tionships result from equilibrium distribution of the drug
toward different areas at the receptor 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 1inear,2

and although the paﬂ%olic 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 B, BP TTB)’

most often a linear relationship is observed with a negative

slope beyond ite

o overcome such inconsistencies between the linear

T
d nonlinear models, @ nunber of different 1110(;1.=_~1s18‘2’4
an
e proposed out of which Kubiny'i's bilinear model
wer ’
found, after Hansch's parabolic model, to be the most
was ’

25-31 podel to describe the nonlinear relationships.

use lel
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D. Limitations of QSAR :

While QSAR studies are successfully utilized to
predict the biological activity of new analogues and discuss

the mechanism of drug-receptor interactions, they have many

limitations and drawbacks.32

The substituent effect on hydrophobicity is charac-
terized by log P 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 receptol. The value of log P also depvendson the

electronic characters and the hydrogen-bonding properties
of the substituentse.
one can not conclude that there is only hydro-~

n
53»3% Thus if one gets a correlation with

log P only,
phobic interaction between drug and receptor and that no
electronic jnteraction or hydrogen bonding takes place.
er factor that may influence log P is the steric effect

Anoth
that can prevent the access of water to a hydrophilic group. -
Also values getermined for one system can not be universally

used for every system.

A more serious problem arises with the electronic

parameters. The Hammetbconstants do not reflect which portion



of the drug molecule would be actually involveq ip the
interaction with the receptor, Quantum mechaniceal cal cul -
tions do provide some help in this, but they are time —
1ng and expensive. Similarly steric factors, MR, MW etc. do
not give any idea in what way sterlc effects would affect

the drug-receptor interaction.

Even a successful QSAR study will provide only
indirect information about the three-dimensional aspvects of
the drug-biomolecule interaction. Regarding receptor mapping,
most of the QSAR studies have been made with the assumption
that drug receptors are relatively rigid molecules, 30» 37

In many cases, 1t 1s difficult to know the exact dimensionsg

of the active site of a drug.

Although molecules are usually represented on pPaper
as rigid structures, they may infact be quite different in
solution and their dynamlc nature should be recognized. There
is considerable evidence that macromolecules - even in the
crystalline state - exhibit a wide spectrum or motion, 35-42

These motions may be involved in some molecular conformational

changes on drug binding.



Many structural features that affect the activity but

can not be quantitized Dy the usual variables such as, o—. E
| S ¥ ’ S

etc. are accounted for by the use of indicator Variagbles,
These 1ndicator variables are arbitrarily assigned two values:
one to indicate the presence of the specific structural
features and the other to indicate its absence. If the entire
series of congeners is divided into two sets, one with and

one without the specl.ic structural feature, one would obtain

two equations almost parallel, with a difference in tneir

intercepts only. An indicator variable thus can be pictured
simply as a constant that adjusts two parallel equations
If two sets are far apart in data space described

into one.
by the usual parameters, one builds in a large amount of

variance witn the indicator variable, leading to a much higher

correlation coefficient (rJl. Despite the better r, the new

correlation may be a poorer one, and thus, one can be misled

if other statistical parameters are not available,

Another serious problem in QSAR analysis is the

For example, 1 and MR most often

problem of collinearity.
collinear that it becomes impossible to tell

turn out to be s0

ther one or hoth are involved in SAR.

whe

Y
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Over and above all, a QSAR study may be incorrectly

interpreted if tne biological properiy of interest 1s not
correctly measured. A measured biological response may be
a complex result of several processes, and an in vitro model

of drug-receptor intraction does not always represent tne

true in vivo model.
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Significance of Different Parameters and Their Calculations.
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It has been found that van der Waals volume
(V.), hydroohobic parameter or partition coefficient
(log P) for the whole compound or hydrophobic constant
( 777 ) for the substituents, molecular ceonnectivity
index, electronic parameter, steric parameter etc. are
imoortant controlling factors of biological activity.
parameters have been reported to be influencing

These
the therapeutic activity of different compounds.

waals Volume :

A, van der
The van der Waals volume (V, ) has been found to

be one of the most fundamental characteristics of the

drug structure controlling biologlcal activity. This
getermines the molecular size and shape of the compounds

which are very important in the aspect of drug receptor
interaction.

o calculate V,, of molecules, spherical shapes

~re assumed for all atoms according to Bondi.' because
of the absence of generally accepted pear shapes.The
solues of the van der Waals radii used and calculated
volume of atoms are listed in Table 2,1¢ Since van der
than covalent radii, a correction

vaals radii are greater

29
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Table 2.1 van der Wadls redius and volume of atoms.*
Atom Radius Sphere volume,
(4”) (102 A3 )
C 1.7 00206
H 1‘ 1 O. 056
H 1:5 0.141
0 1.4 0.115
S 1.8 0,244
F 1.4 0.115
Aliphatic e 4 0,206
Cl  asromatic 1.8 0,244
aliphatic 1.8 0. 244
Br
gromatic 1.9 0, 287
) ® O.
aliphatic 2.0 335
I _ 8. 0.
aromatic L B3
2e1 0. 383
B
102 0.072
He
1.6 0.171
Ne
1.9 0,287
Ar
2.0 0.335
Ar
2°2 O-A‘le6
Xe

e

from reference 10.

*

Tak en




for sphere overlapping due to covalent bonding between
atomsg is needed for the calculation of V,, 0f polyatomic
molecules. The covalent bond lengths and correction
factors are tabulated in Table 2.2. A correction for
branching in the molecules has also been included in

the 'V,,° calculation. Such correction factors are

also mentioned in the Table 2.2.

gvdrophobic Parameter (log P) :

B.

The fragment method suggested by Hansch and

Leo2 for calculating log P, where P is the partition
coefficient of the solute in octanocl/water system, is
known 8s constructionist or synthetic approach. Experi-

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

equilibriun.

n m

' %3 (2.1
108 P = zanfn + Z]m m )

1
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Table 2.2 contd..

Bond Sond Correctinon
length value
o 2 o7
(&) (105 A~)
o, 1.4 -0.0k2
N=S 1.6 -0,061
L3

Taken from ref. 10
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Carefully conducted partitioning exveriments
and statistical survey of the then available partition-

ing data have been used in assigning values to the

fragments and Factors. The working principle is

summerised in the following paragraphs.

In this approach carbon atoms are divided into

two categories: isolating carbons (IC) and nonisolating

carbons (NIC). ICs have either four single bonds (two

of which are at least connected to nonheteroatoms) or
are multiply bonded to other carbon atoms. NIC atoms

are carbon atoms multiply bonded to hetero atoms. For
example _é= in CH2 = CH, is an IC but not in H,C=O.
nts are two types: (1) fundamental fragments

Fragme
ments whose free valency will lead to

defined as frag
(2) derived fragments, a derivative

isolating carbons;
a1 fragments (e.g. -CFj). A fundamental

of fundament
a single-atom or 2 multiple-

fragment can D€ either
~-c=0, -C=& ctc.) fragment. A single-atom

atom (e.g-
fundamental fragm
atom or a phydrogen or ah

pepending on it
following classes: (1) non polar

ent can be elther an isolating carbon
etero atom all of which are

bonded to ICs. s nature a fragment will

come under one of the
~imnle ICs and hydrogen attached

sragments - these 8r¢ "7 r



»

to ICs; (2) H-pollar fragments - a fragment that

be expected to form H-bonds either by accepting ozan

donating electron pair (e.g. -OH, =COOH, -lH, etec.);

and (3) S-polar fragments - a fragment tnat is t. ,

electron withdrawing with little tendency to fojmr:niond
- s

(halogens). In expressing fragments, the structural
r

formulae (or WIN code) of the respective fragment
el S

will be written B scri
e W as sub_scripts of 'f', for example as

for expressing the fragment -NH-CO-NH-

f-nH-co-NH
present in CH3NHCOI~IHCH3. Various factors (F) are

designed to account for the intramolecular forces and

f-ctors that affect the partitioning equilibrium of

the solute. A1l these 'F's are ldentified with the

£ different subscripts and superscripts The

help ©
e mentioned in the Factors table. The

subscripts ar

rscripts are aoplicable also to fragments. They

supe
are listed as:

aliphatic structural attachment

(1) None =
(2) ¢ = attachment to the aromatic ring;

s
if bivalent the attachment is from
jeft as written

(3) \/¢ . as 2 hut attachment from right as

written
two aromatic attachments

i

(4) 99
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(5) X = aromatic attachment, value enhznced
by second, electron-withdrawing sub-

stituent (I} + 0.35)

benzyl attachment.

I

and (6) IR

Underlining any symbol means it is present in a ring

system. whenever halogens and H-polar fragment are

seperated by only one IC an additional Factor will come

into Operation.

In calculating the log P of any compound, the

5 is dividing that compound into 'well defined!

- e~*p
C s L&

s based on +he above discussion and then sear-

firs

fragment

5 within +the structure of the molecule. Now

ent Factors operating in between the

fragment
211 these fragments and Factors will give

the sum of

alCUlated 1o
ak any compound, especially compounds contain-

e o g P of that compound., It is always

safe to Pre
into fundamental fragments rather than

ing hetero atomss

are listed in Tables 2.3 and 2.4

into deriv Some important fragment values
and Factor values

A fou simple example calculations are

r esp ectively'

shown helow.
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Table 2.3 Some Common Fragment Constants.*

without ¢ ) With , g L)
carbon J S -f Carbon ¥ ¥ J
-Br 0.20 1.09 C 0.20 0,20
~C1 0,06 0.94 ~CFS 1.11
"F —0038 0‘37 _CN -1.37 _0. 3!4-
~I 0.59 1¢35 -CONT -3,04 ~2,80 -1.93
-N< 2.18 -0,93  -1.13 =C(0)- -1.90 -1,09  -0.50
-NO, -1.16 =0.03 =CO5~ -1.49 -0,56 -0,09
O _1.82° -0.69  0.53 -cof? 5,19 4,13
_NH, ~1.54 -1.00 ~CONH,, <0, 18 ~1.96
_OH -1.64  —0.4h ~CONH =2.71 =1.81 -1.06
_sH _0.23 0,62 ~-NHCONH- ~2.18 -1.57 -0,82
Fused in Aromatic Ring

ag.: . ¢' < ¢
i without ¥ With i with g
without 5P o carton
e 112 N=N- 294 C 0.13 -gH— 0,355

{ - le é ° e -""' -

5 1,60 0- 0.08 L 0.225 -C- 0.59
= « d 0

___——'———“’_'_——'—__‘ﬂ—‘_‘_—a Derived fragment. bFor methyl ethers

= ence 2+
om refer
Taken frl . oxide, uSe ~1.54. © Por ring fusion carbon.
and ethylen
tero.

d por ring fuston - he
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Example 1. Toluene L<:;j>—613): This oan be treatsg

as a compound consisting of six aromatic cartons, one

aliphatic carbon and eight hydrogens. The fragments

can be expressed as

Q‘;
GJE + fo + 8fy = log P (Toluene)

6(0.13) + 0.20 + 8(0.23) = 2.82 (Cald.}, 2.80 (Obsd.)
since aromatic rings are excluded from bond Factor, there
is no F term in the above equation., And here aliphatic
chain length is one (CH3), so (n-1)F is equal to zero
(c-H bonds are excluded from Factors). The log P of
this compound can also be calculated from two derived

fragments as:

+ F = log P (Toluene)
Jegis ~ " CHs

1,90 * 0.89

2,79 (Cald.)

Examplé 2- .1;2:199§E§éi2§2 :. This can be considered

a5 two fused rings (one six membered aromatic and one

e membered saturated ring). This compound can be

in the following way:

I\ =0

I (1, 3=indanedione)
N/
|

0.

fiv

fragmented
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9
L;_('g:l + thg + j"CHz + 2 j’c .o * :_b

4(0,35) + 2(0.13) + 0.66 + 2(=1.09) +3(-0.09)
g

. +F
~2 P,
-—t

o.32(2x1.09)+0.08(2x1.o9)

= 0.76 (cald.), 0.61(obsd.)

Here the five membered ring is not aromatic, so two carbonyls

are considered as aromatic-attached fragments. The ring

fusion carbon atoms do not join two aromatic ring systems

and therefore they are given the lowest carbon fragment
value (0.13), There are only four bonds to consider in

the saturated ring since t
the fusion carbon constants and so n-1=3. To be

ne fusion bond is accounted

for in

consistent, two proximity factors, an aliphatic £, and
romatic sz must also He included, atthough the

an a

g superfluous in this instance.

later appeal

gometimes calculated log P values of compounds

much from +the experimentally determined

deviate very
For example, observed log P of 1,2-methylene-

e 1s 2,08,

valuesdes
put the calculated value comes

dioxybenzen

This large difference may be due
L4 onlye.

control of this method. However,

+tp FactoIS peyond the



since it is an additive model, it will serve the purpose
of drug-design when used in a congeneric series of

Purther details are given in the monograph

by Hansch and Leo.2

compounds.

Hydrophobic Constant (1T) of Substituents:

Cs

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
- large portion of the structure remains constant. In

such a casey 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.a’4 To enable one to work with the relative
hydrophobicity of substituents and in this way seperate
hvdrophobic character from electronic and steric effects
of substituents, the parameter M has been defined

analogous to ¥ 28

- log P - log PH . (22)
X

Tk

37



Tn this expression, U.. is the partition coefficient

of a derivative and Py that of the parent compound,

for example,

Mgy = 198 Fgm 61 = og “en, (2.3)
2-84 - 2113 = 0071
1 positive value for7 means that relative to H the

substituent favours the octanol phase. A negative
value indicates its hydrophilic character relative to H.
The values oI 1 vary somewhat from system to system.

certain 7T values are given in Table 2.5.

D Flectronic Parameter (G ) :
. I

The development of electronic parameter is one
of the most jmportant breakthroughs for mechanistic
rganic chemistry which came in 1935 when L.P. Hammet
o

ﬁroposed,? the following equation to define
¢ = log Ky - 102 fy (2.5)

In eq. 2.h, KH is the ionization constant of benzolic
5°C 1., is the lonization
acld in viater at 29°C and Iy 18 zation constant
meta or para derivative under the same experimental
for a meke =

3R



Table 2.5 . Data on Physicochemical parameters of some
important Substituents #*
No Substituent T (Fm G"p Es
1 H 0.0 0.0 040 Q0.0
2 CH 0.56 -0,07 -0.17 -1.24
3 C2H5 1002 _0007 -0015 -1.31
4 n_c}{-['? 1055 -0007 "‘0013 "1¢&)
. 1-C, 1.53  =0,07 =0.15 -1.71
7 P 0.14 0. 34 0, 06 -0, 46
10 I 1.12 0135 0018 —1.40
11 OCHB ""O. 02 0012 "O. 27 -0. 55
15 . NH2 -1.23 -0,16 -0.66 -0, 61
13 OH -O- 67 0012 —0.37 _0.55
-O. 0- Oo -
& - 32 37 45
-0,0 9% Q. =
15 COOCH3z 1 37 45
0.88 0.43 0.54 -2,
- CF3 2.40
-0.28 0«71 0,78 -
"7 I‘\IOZ 7 2:.52
-0, 65 0.35 0.42 ..
18 CHO
1096 0.06 -0.01 —3.82
19 Cghs
-O. 57 O. 56 O. 66 —0.51
20 CN
-

* Taken from ref.

2
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electron-withdrawing and the negative ones the electron
donating character of substituents in the aromatic ring.

For certain substituents, ¥ values are given in Table

2.5,

E. Steric Parameter (E_) :

Steric effect of substituents in orgainic reac-
tions are very important. The first generally successful

numerical definition of steric effects in organic reac-

tions was proposed by Taft, '~ Following a suggestion
of Ingold Taft defined the steric constant Es as,
i,
E. = log ( K, )A (2.5)

where K refers %o the rate constant for the acid hydro-

l1ysis (denoted by A) of esters of type X-CH,COOR.

The size of X will affect attainment of the
transition state, which is a essential step for acid

nydrolysis by water. Some E_ values are also tabulated

in Table 2.5.

ror QSAR studies in this thesis, standard values
5 : + parameters for various substituents have
ror different P .

been taken from literature.“
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Drugs Bindi n %
r ding to the Benzodiazepine Recepto (
i eptors (BZR):

A,

The i )‘ B7Z
dleOV er Of BEHZOdiazepines ( S) }
L 1as

opened a n i
ew era in research of Central lNervous S
: s System

(cNS) and drugs acting on it. The benzodia
zepines are

a class of centrally actin
g drugs with wi
7ide range of

therapeutlc applications
. They are used
therapeuti
cally

as anxiolytics, hypnotics ~sedatives, anticonvul
H sants,

muscle relaxants, etc In
. central nerv
]

high affinity binding sites or receptors for B
r BZs h
. - 4 av
been jdentified. »3  There is a high correlati )
ation between

the affinity of various BZs for thi
is receptor and
their

tenci 3o b
es, Compounds of diverse

pharmacological po
es and natures have been found to bind t
o the

benzodiazepin

t benzodiazepines an
L be (BZR) that is closely associated with
e with

4 related ligands interact with

tha
Shecific

iyhibitorys postsynaptic GABA receptor and
= and a

a neuro-
e ionophore channel.
the GABA receptor to the chlori
oride ion eff

ector

6,7
y The efficiency of

chlorid

coupling 24
odified by several series of com
pounds

- . u
.t this site. Unl%Fly , 1t has been shown

that bind
or can be occupied by ligands having
a

that this recept
¢ intrinsi
iconVUlsant,

o tinuun 5 c efficacy, from positive efficacy
and sedative agents)
]

(anxiolyti0,
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through nil intrinsic efficacy (recptor antagonists) to

negative intrinsic efficacy (proconvulsant, anxiogenic

agents). »®  The existence of these three categories

would also imply that partial agonists and partial

inverse agonists exist. Partial inverse agonists may

be useful as cognition enhancers.

Various compounds have been suggested as possible

nendogenous ligands" that physiologically act on these

-~ 9 The initial observations have shown that p-car-

voline derivatives like harmane and norharmane and

esters of A -carboline-3-carboxilic aoid,1o cyclopyr-

rolones, pyrazoloquinolines etc. bind to the BZR. Also
purines, inosin, hypoxanthine, were proposed as possible
endogenous ligands-1]'1? The report on imidazobenzodia-
zepines have shown that a structural modification of
penzodiazepines can lead to a change in activity without
~frecting the receptor binding. All these substances

are supposed to act via specific receptor mechanism and
therefore much attention has been pald towards the
study of the nature of their binding with receptor.
An extensive search is golng on continuously to find
novel compounds with specific binding to BRBZR.



A quantitative analysis of the correlation of
4 Lo O
the biological activity
gical = y and the physicociieni
DY citenical pronerti
2t Droperties
of the compounds will precisely determine extent
b8 2 Of
role played by different physicochemical properti
Drof es
. , o as
for the BZR binding. Further, the correlation equations
may be exploited to design a better compound or to

ct the potency of prospective compounds

oredl
03AR studies have been made on the following
categories of drugs binding to BZR.
(1) pyrazolo[4,5-clauinolines Acting as Inhibitors of
BZR Binding

In a recent study, Cecchi et a:l..”’"5 prepared

. series of 4 —aryl-3-methylpyrazolo[4,5-c] quinolin-4-
:ﬂfS(I) and studied their ability to displace specific
[3j]_f1unitrazepam,
embranes. Melani et al.15 also made a

a tritiated benzodiazepine, from

bovine brain ™
13C NMR study on these compounds and found a correlation
existing pbetween their binding affinity to BZR and the

p—— shiri value of a carbon atom of the tricyclic
In this work we studied the correlation of

gystem.
nity of these compounds with the physico-

pinding afil

chemical parameters.
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The series of 1~aryl-methylpyrazolo [&,5—§]ouinolin-
Leones and their activiity data studied by Cecchi et al
are listed in Table 3.1. The physicochemical parameters
used in the correlation are also listed in tne same

Table. A Multiple regression analysis revealed that

there existed a significant correlation between the
BZR binding affini of -

g Ty compounds (-log 1050) S R
Taft steric constant, E., and the Hansca hydrophobic

constant, 77, of aryl substituents. The correlation

equation obtained was as

_ 0.481(+0.188)E_(2,6) + 0.606(+0.372)7(3,5)

—lOg ICBO -
+4.814

n=20’ r=0.87, s=0,27, F(2,17) =24.76 (3.1)

In this equation, n is the number of data points, r is
rrelation coefficient, s is the standard deviation
?

the CO
_ratio between the variances of calculated

r is the F
activities, and the data with + sign within

and observ ed
theses are the 9
) refers to ES value of aryl substituents

the paren 50 confidence intervals. The

term Es(2, 6
Lt 2- or/and 6_position(s), and similarly the termT(3,5)

¢ those 2t
e statistically significant at 95%

vo (T value © 3- or/and 5-position(s). Both

of these terms ar
confidence jevel in the equation and together account
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for 76% (r? = 0,76) of the variance in the activity.
Further, the F-value of the equation is also significant
at 99% level [F(2,17)(0.01) = 6.1 . Thus equation 3.1
represents a very significant correlation and sugrests
that substituents at 3-and 5~positions of the aryl ring
could be involved in strong hydrophobic interaction
with some hydrophobic pocket of the receptor and those
at 7= and 6-positions would be producing strong steric
hindrance to this interaction. No physicochemical or

electronic parameter related to the substituent at 4-

position wWas found to be relevent. Electronic parameters

related to any position were not found to be effective

~ was the square term of7(3,5) of any further

and no
consequence.

However, of the two parameters E_ (2,6) and
77(3,5) s which proved to De important for the binding

nity, the rormer was found to be individually much

affi
better related with the activity (Eq.3.2) than the
suggesting that the steric

latter (Bq.3+2) s

_1og ICsq = 0,553(+0.230)E;(2,6) + 5.00

1220, p=0.77, §=0.34, F(1,18) = 25.49  (3.2)
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—log ICsy = 0.831(+0.576)77(3,5) + 4,514
n=20, r= 0.58, s= 0.43, F(1,18) = 9,17 (3.3)

effects produced by the substituents at 2=and 6-positions
were much more dominant than the hydrophobic effects

of substituents at 3- and 5-positions. Thus to have

the compounds of better activity, the substituents at
2-and o-positions must be of smaller size. To have

an exclusive account for the effect of the size of
substituencs at these two positions, accounting simulta-
neously indirectly for the hydrophobic effect of substi-
tuents at 3-and 5-positions, on binding affinity, we

correlated the activity with van der Waals volume (Vw)
of substituents as

~log ICgq = 4864 - 2.60(+1.14)V,, (2,6) + 1.62(+1.15)V_(3,5)
n=20, r= 0.B86, s= 0.28, F(Z,‘I?) = 22.56 ee(3.4)

The Vw(2’6) was well correlated with Es(z,s) (r=0.96)

as described in Chapter II.

Cdd.) N-(indol-3-ylglyoxylyl) Amino Acid Derivatives:
16

Recently primofiore, et al. have reported

synthesis and piological study of BZR binding of some
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N-{indol-3-yleglyoxylyl) amino acid derivatives that
contain an aminoethylindolic flexible structure analogues

to that of g -carboline. In receptor binding, stereogele-

ctivity is very important factor and sometimes used ag
one of criteria for identifying an interaction with the
receptor.?7’1$ An Iinhibition of specificity of [3ﬂ
diazepam binding, for geometric isomers, was already
demonstrated by Cain, et al.19 and for enantiomeric
compounds by Liopke, et al. ~ Different N-(indol-3-yl-
glyoxylyl) amino acid derivatives containing optical
active amino acid moieties were prepared to study the

influence of the amino acid stereochemistry on the

affinity to the benzodiazepine receptors.

By their qualitative study Primofiore et a1, 10
found that presence of C1,Br,NO, group in 5 position of

binding, while hydrogen and methoxy substitution decreased

the inhibitory potency. Esterification of the free car-
boxylic acid increased the receptor binding activity

indicating that the masking of the ionizable functions

for the dramatic increase in receptor affinity,

is crucial
-carboline by others, 12 The

ag already shown for A
o study of the most potent comnounds exhibited

inviv

that they were inverse agonists to the Bzs.



The in vitro BZR binding data of the series of
N-Eﬁ-substituted indol-3-ylelyoxylyl] amino acids (IT)
and its ethyl esters (III) reported by Pimofiore et a1.'®
were considered for QSAR study. 1In their study,
Pimofiore et al. varied the substituent R at position

5 of the benzyl ring and substituent R' at the assyﬂiric

-~

, B _ .
COCONH?H—T( \’/ -

—COCONH?H*Rf

S COOEL

N

-~
"

(11) (111)
carbon atom in both acid and ethyl ester series. The

substituent R 18 of varying nature where as the substi-

tuent R' has only two variables (CH3 or CHZ_C6H5)‘ Ve

analysed the in vitro activity data of these compounds

for displacing [?%jilunitrazepam in bovine cerebral
tex menbrane in relation to van der VWaals volume
cor ;

d nydrophobic paraneter of the substituent R in both
an

tepr (Table 3.2) end acid series (Table 3.3) .As the
este e
bstituent R' at the assymetric carbon atom has only
substi i
riables, an indicator parameter (IR') is taken.
two VvVa ’
Ir! = O for CHz and 1 for CH,~CgHg. The compounds

i i dextro) isomeric

t in L(1evo) or D(

under study exis
So, another durmy parameter
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(Is) has been included in the study. It is assigned a
value of 1 for D isomer, zero for recemic mixture, and

-1 for L isomer.

A multiple regression analysis Was carried out

L

on the series of 21 compunds of Table 3.2 and initially

Bq. 7.7 was obtained correlating the [*] flunitrazepam

binding inhibition (-log ICgy) with 7T . In this equation

the correlation coefficient is very low and variables

~log ICgp = 5.289 - 2.547(£3.121)T + 2.578(1-4.840)(TTR)2

n=21, r = 0.480, s = 1.052, F(2,18) = 2.70 ..(3.5)

were not statistically significant. Similarly, van der

Waals volume (VQ) was also not found to reveal any

significant correlation (Eq. 3.6). The correlation was
V. =32, : .
~log IC50 = 5.467 + 8'6h8(120'412)A*,R 32.761(+87 320)(VW’R)

n=21, r=0.208, s= 1.173, F(2,18) = 0,41 i (Beb)

nowever significantly improved when 77" and V,, wvere combined

row int Eqg. 3. .
and dummy parameters Ig and IR' were roduced (Eq.3.7)

2
In Eq. 3.7» Mg



~log ICsy = &.253 17.973(311.280)Vﬁ’R - 75.130(346.121)(vw R)2
b}

-3.288(+2.156)1T, + 3,678(+3.540) (TR)?

+ 0.686(+0.309)I_ + 1.111(+0.626)IR!
n=21, r= 0.906, s= 0,576, F(6,14) = 9.14 ..(3.7)

is, however, only marginally significant, hence if 1t is

dropped the resulting eaquation is

- 6.012 + 20.061(£12,305)V,, p = 70.153(51.065)(V .)?

-log IClep
~1.194(+0.673)T, + 0.686(+0.343)T_

~0.952(+0.672)1R"

n=21, r= 0.872, s= C.643, F(5,15) = 9.50 ...(3.8)

n En. 3.8 +vi0 compOUIldS (cmpdSo 2 and 18 in Table 3.2)
showing a wide variation between observed

were outlier
stid calculated values. When these compounds were eliminated
a sligntly vetter correlation (Eq. 3.9) was obtained.

® 9- 79 V - o . 2
—1log ICsp = 6:522 % 24,559(19. 7790V, p = 9h.034(£41.519)(V p)
1. 354(+0.539)g + 0.694(+0.283)1_ - 0.623)(+0.547)IR"

n=19, r= 0.932, 5% 0.483, F(5,13) = 13.29 .....(3.9)



33

A similar equation (Eq.3.10) was obtained for the
T ;
significant conelation. The use of 7T and V, together was

permitted because they were not found to be nutually

correlated (r=0.232).

~log ICgq = 4.THH + 15.190(£4.357)V, - 52.531(£18.080) (v, )2
-0.599(+0.238)7. + 0.403(£0.121)T_ ’
-0.263(+0,238)IR!

n=21, r =0.944, s= 0,228, F(5,15) = oL L7 eee..(3.10)

As there was only one structural difference between
compounds of Tables 3.2 and 3.3 (ethyl esters ang acid
derivatives), so they were combined together with an
indicator parameter IC. The value of this Parameter was
taken equal to 1 for ethyl esters and zero for acids

and the correlation equation obtained for a1l Lo compounds
was as,

_10g ICSO - [4_.980 + 17.625(1‘6-768)VW,R - 61‘342(1'28.089)(\}'\“ _‘3)2

~0,896(+0.370)TT, «+ 0.544(10.188)15
~0,607(+0.370)IR' + 0.797(+0,329)1c

n=42, r= 0.870, s= 0,525, F(6,35) = 15.56 ... (3 11)

Here also the same compdunds 5 and 18 of Table 3.2 yere

outliers showing wide devaiation from observeq value, So
H

these two compounds were eliminated and g New equation



&0

(Ea. 3.12) was obtained with better r value. In Eq. 3.12

F-ratio is also significant at 99% level [F(5,33)(0.01)=3 m@

~log ICgy = 5.218 + 19.769(£5.792)V,, p -72.679(+24.286) (V, ,R)?
_0,974(10.318)nh + 0.546(+0.,164)T
- S
~0.452(+0,320)IR' + 0,800(+0.284)IC
n= 40, r=0.907, s = 0.440, F(6,33) = 23.28 ... (3.12)

A1l the above equations show that both van der “aals

volume and hydrOphobic nature of the substituent R at

5--posi'tion of the bezene ring are important. Since

correlationsa
-e of R-substituent is exhibited. The optimum value of

re parabolic in vw,R’ a limit on the

=i

14 be 0.136 x 10° A2, Upto this value of v, &
?

VW, R Wen
the activity w4ill increase and beyond that 1t would start
decreaseing. 1B€ negative coefficient of 7T on the other

ol shows 'tha't not hYdI“OphObiC but hydrophilic group at

n will he effective.

han
This suggests that substi-

5-positio
tion is responsible for binding through

tuent at 5-posi
with the receptor which is

rrounded by aqueous media. Recevntor binding is

probavly su
influenced by the substituent R' at the

also found to be

ric carbon atom.
ylalkyi group decreases the affinity as

—— An alkyl group favors the affinity

where as an ar
shown DY negative aign of coefficient of IR'. This is



A1

probably due to the steric hinderance of 2 bulky group
like arylalkyl. A bulky group will not be accented by
the receptor. As the coefficient of I. is positive, it
shows 'D' isomer is having more affinity, 'L' isomer
will give least affinity. It therefore proves that the
receptor binding is stereoselective in nature. Orienta-
tion of substituents at assymetric carbon atom is playing
an important role in receptor binding. In equation 12
the positive sign of the coefficient of IC indicates that
the ester derivatives are having more affinity than acig
derivatives. Esterification prevents the ionization of
the acids and thus increases the affinity. This indicates

that this end of the compounds is probably involved in

a hydrophobic interaction with the receptors.

substituted 9-benzyl-OH-purines:

(iii)
Kelley et al. in their two recent communications2!s22
reported sunthesis and BZR binding of two serics -

substituted purines in rat brain tissue. Their study

showed that structure requirements for good binding
by substituted purines were highly specific. The effect
of various b-substituents, ranging in size from amino
- cyclopentylmethyl amino, on BZR binding affinity was
found to be very ingignificant as observed from their

very close range of ICen values. Very good BZR receptor



§2

binding has been found by 6-(dimethylamino )~9-substituted-

benzyl purines. Removal of benzene ring resulted in

complete loss of receptor affinity. However, 9-unsub-
stituted purine had weak affinity. This level of activity
was comparable to that reported by Davies et a1.23 for

6_(dimethylamin°) purine. Substitution of 9-phenyl group

or replacement of the one carbon bridge with a two- or
three - carbon bridge resulted in no measurable aifinity.
‘1g0 substitution in 8=position has been found to influence

affinity. But all these studies were qualitative in
nature. Though fev of them showed BZR binding arsfinity
comparable +o that of diazepam , none showed significant
anxiolytic oF anticonvulsant activity on a modified

Geller-Seifter con
ental results supported that these compounds may

flict schedule.2b"25 Their in vivo

exnerim
be antagonists of BZs. Otherwise, also it is vossible
ivity may be due to lack of absorp-

that the absence of wdect
etration 0 CNS or rapid metabolism. Altemmatively,

tion or pen
that these compounds bind to a subtype of

it is posible

ZR26 that is not invelvedin conflict behavior,

B

21,22

cutive studies, Kelley et al.

In twoO consé

. ~ substituted 9-benzyl-SH-purines(IV)
.4 two series ©O- °

report‘d

r in vitro pinding activity o rat brain receptors

for thel
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lé

by inhibiting specific binding of [fH]diaZepam, WHEFE
ICsp value refers to the molar concentration of the
drug leading to the 50% blockade of the binding of [3H]

diazeoan. The data of the two studics are compiled in

Table 3.4. In their first study, Kelley et al. varied

o -
the substituents R~ at different position of benzyl

ring and R at 6-position. <Change of R did not show any

appreciable cirange in binding property. But change of

2 enced the binding to a great extent. In next

R“ influ

study t ey varied substitutent R at only meta position
o¢ the benzyl ring and also the substituent R' at 8-~position

methylamino group at 6-position. In first

keeping di
2 ')
Stu-dy Variatlon of R was at both meta and ortho positiOns

1'7,24_31) where as in second study it was only

{ compds.
on (compds. 1-23) with compounds 1 and 7

at meta positi

the studies. The activity was analysed

common 1in both
ovhobic and clectronic parameters of R® and R’

with hydr
substituents.

was takenl.

var electronic effect of ortho substituents,

~r—

Ypara

Jith the use of data as given in Table 3.4, the

n analysis TeVE
1ad8 s Eq. %.13 expresses that neither

_ aled Eq.3.13 for all meta substi-
regressio

{
tuted compounds

tronic nor the pydrphobic character of Ri—subStitUent
c

the ele
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o IC5O = B 082 = 1.048(10.Q36)n§2 + 2.119(&1.538)052

+ 0.520(£1.659) 0.1 + 0.227(+0.763)TT,1

n=28, r= 0,758, s = 0,616, F(4,23) = 6.75 ...(3.13)

has any importance in the binding of the compounds with
the BZR. However, elimination of two compounds 19 and 23

whose calcul ated values were found to largely differ

from the observed ones, led to Ea. 3.14 where 0&1 was shown

to be statistically significant., Thus Eg. 3.14 exhibits the

~log ICgo = 5004 ~ 1.221(£0. 3650752 + 2.961(+1,341)d22

4 1.1!87(2:0- 906)0}.11

G, 1 0.856, s= 0.499, F(3,22) = 19,15 ... (3.14)

importance of »1 actronic character of H1 substituent,
along with tne role olayed by hydrophobic and electronic
haracter O 22 substituent. Since the coefficient of
C

M2 1is negative, 2 hydrophilic not the hydrophobic group

7
gesired at i
positive influence of hydrophilic and

L4 be -position for the better binding.
wou

Because of € >
~ pl-substituents, a strong polar

n can be expected between the latter and the

J B 1e < 1‘?t-1] .
Ct Ve r; t'—‘ r'; ._A}‘ r Cp-v
8. bl B
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“hen ortho - compounds (compds. 29-31) were also

s . : ;
included in the analysis, using the Crpara for ortho

substituents , Ea. 3.135 vas obtained with exclusion of

compounds 19 and 23 again.

5,078 - 1.157(+0.303)7p2 + 2.719(x1.140) 02

+ 1.461(+0,854)01

n=29, r= 0.871, s= 0.477, F(3,25) = 25.12 ..{3.15)

Thus Eaqe 3412 leads to the same conclusion as Eqg.

3,14, that both hydrophoblc nature as well as electronic
character of Rz suhstituent at 9=benzyl ring and electronic
tic of the substituent at 8-position are contri-

characters
buting to the receptor binding affinity. Though the

yl group ig essential fo
efficient of7fp2 indicates that a hydro-

benz r strong affinity, the negative

sign of the £
ot be tolerated by the receptor,

phobic groupb will N
ydrophilic group w
_ cubstitution, meta- substitution can

instead a It ould be preferred. Between

meta- and ortho
ce better ofect as it has larger g value than ortho-
positive coef 2

s indicates that electron withdrawing

produ

ficients of ¢ for both R
Subs'!‘i hlento
substituent

A 1
gitive ¢ va-ue

1
and R .
) at both pesitions will give better

group (po
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~iinity to compounds ror the receptop. The analysis
gives an overall idea that a hydrophilic substituent
of electron withdrawing nature will lncrease the affinity,
This is probably due to the presence of Some aqueous media
surrounding the receptor molecules. Alsy electron with-
drawing substituent at S-position will potentiate the

affinity, however, the size or hydrophobicity of this

substituent was not found to influence the receptor

binding.

(iv) Oxadiazolylimidazobenzodiazepines: A Novel BZR

Partial Agonists:

2
watzen et al. 7 recently reported synthesis

and biochemical activity of oxadiazolylimidazobenzodiazenineS

as novel BZR partial agonists. Classical full agonists

(such as diazepanl and nitrazepam) at the BZR continue +0

ely prescribed as anxiolytics, anticonvulsants,

be wid
ics and muscle relaxants. These latter

sedatives-hypnot
however, are often seen as unwanted side

two properties,
ects and are pelieved to be related to the high level

el £

of receptor stimul
nists are of interest since they are proposed to be

ation achieved by full agonists. Paprtial

ago



capable of selectively eliciting the lower efficacy responses
such as anxiolysis.28 Several carboxylic acid derivatives
of the imidazobenzodiazepines have been reportéd to

act as partiel agonists at the BZR; at least three

(Ro 16-6028), Ro 17-1812, and Ro 23-0364) have been eval-
uated in humans.29 In the /@—carbolines, 1t has been
demonstrated?r that replacement of the carboxyvl derivative
at the 3-position by a 1,2,4-oxadiazole moiety led to gz
series of highly active benzodiazepine receptor ligands.
Major chemical similarities exist between the imidazo-
benzodiazepine framework and the A-carboline framework.
It was anticipated therefore that this substitution

should provide novel partial agnoists with a favourable

seperation between anxiolytic and sedative properties,

In their study Watzen et al. synthesized various

-0xo~ o .
ioxodia201y11m1dazobenZOdlazopines aid
]

derivatives of
red their biochemical activity by its ability to

measu
pecific binding of the radiolabeled anta-

displace the s

31
gonist [ZH]}Ro 15-1788.
qualitative structure activity relstionship

The work of Watzen et a1. was

basically a .
r to have a better picture of +he mechanism

StUdy- In Orde
i of these compounds with the receptor, a NSAR
of binding
en'tEdO

study is pres
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The data of 6-oxo-oxadiazolylimidazobenzodiazepines
(V) are listrd in Table 3.5 (33 compounds)., In their
study "'atzen et al. varied the substituent X at 7-and
8-position of the fused benzene ring and substituent R
at 3' or 5' position of oxadiazolyl ring, This ring is

attached to imidazobenzodiazepine via either 3' or 5!

position having substituent K at other position. The

activity was analysed with 77, ¢ and Vw of the substituents x

and R at different positions. For ¢ value of ¥ at 7-

and at 8-position ¢~ 53

position
according to the numbering system 7-is becoming meta

to C. and 8-position para. Similarly to differentiate

substituent R at two different positions (3' ang 5')
we incorporated a dummy parameter, IR, with a value of
zero for 3'—position and 1 for 5!'=-position.

r »
A multiple req§551on analysis of the data ot Table

3,5 revealed Ea. 3.16 for the inhibition of binding of

3] ro 15-1788. In Ea-
nificant, hence it could be safely

1. 16, the Vw R is not found to
| ]

he statistically sig
_ 7455 + 0,422x0.57HT, + 1.355(+0.998)

-log IC
> 0 357(+O- 999)VVJ,R + 0.463(_-1:0. 232)IR

33 I'= 09791’ S= 0-325, E(4,28) — 11.72 ..(3.16)
N=22, =



Nsradiazolvlinidazobenzodiazepines (V) and their

Table 3.5:
in vitro BZR binding affinities
o. X R ma 02 a5 8 ~~50
Obsd Cald.Eq.3.18
1 H 3! -Clz 0.0 0.0 7417 7.05
2 H 3t ~C, g 0.0 0.0 7.29 7.05
3 H 3t -n-Cafly 0.0 0.0 6.92 7.05
4 H 1_05 7 0.0 0.0 6.98 7.05
5 H 5' ~CH3 0,0 0.0 7457 7,43
6 H 51 ~Colig 0.0 0.0 7.66 7 43
2 H 51 -n-—C3H7 C.0 0.0 7. 47 7.43
8 H 5t ~i-Cslly 0.0 0.0 7.28c 743
9 s-c1 3'-CoHls 0,71 0.23 6:22 7.89
G g1 3'=CHs 0.71 0. 8.09 5.01
0.71  0.37 8.01 8. 01
11 7-c1 3:Colg
va 7.l 3'-n=Cs7 0.71  0.37 8.22 8. 01
oy c_mm, 0,71 0.37 7485 8.01
i il 0,71  0.37 8.47 8.39
14 7-c1 5'-Clz o7 0.3 o 5. 59
15 7-c1 5'-Cofs S o 4 o =
16 7-c1 5'-n-C#7 0'71 057 - .
17 7-c1 5'-3-C37 0'14 gl o BB e
18 7-8 33 0.14 0, 34 7.38 7.46
19 7=F 3"02H5 o.1h 0. 3k 7.62 7 .46
20 7.y 3'-0-CF7 O.14 T Y -
21 qp 3 -i7CF |
Contd...



Table 3.5 contd...
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m, - ~log 4G50

0bsd® Cald.Eg. 3.18
22 7-F 5'-CHg 0.14  0.34 7.96 7.8y
25 7-F 5'-Cylg 0.14 0,34 7.82 7.84
2 7-F 5'-n-Ciy 0.14 0,34 7s85 7.84
o5 7-F 5'-i-C37 0.14  0.34 7.72 7.84
26 8-F 3'-CHgz 0.14 0,06 7.30 G
57 8- 3'-CoHg 0.14 0,06 6.98 7.2%
o8  B-F 3'—n-CBH7 0. 14 0.06 738 7.23
0g Gup 3 -1-C4F 0.14  0.06 7.00 7.23
50 8-F 5'—CH5 0.14  0.06 7.68 7. 61
51 8-F 5LC,Hs 0,14 0.06 7.57 7.61
o sp 5 -n-Cylls 0.14  0.06 7,57 7.61
5% 8-F 5'_i~CZH5 0.14 0,06 T 3T 7 .61

——
b

& mgpken frof R
djﬂ'wedeﬁﬂammao

C yot include

of. 2 of chapter II 3
f Eq.

3.18

Taken Ifrom Ref.27;
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“lOg 10 = S,
50 = 6927 + 0.424(+0.571)1 + 1.355(10.0989) 7

+ 0.462(+0.230)IR

n=33, r=0.787, s= 0.323, F(3,29) = 14.62 ..(3.17)

d z E
ropoed to have =ZQ. 3.17. However, neitner Ea. 3.16
o Do

nor Ea. 2. 4 £ :
g« 3«17 repliesefits Gny saklsigetory correlation
B - )
But when compound 9, for which there was a large 55 5
S84y 5 irrerence
between the calculated and observed activiti

excluded, @ highly significant correlation was ob
obtained

(Eq. 3.18).

as compared to th

compound 9 possesses very low observed acti
ivity

e oredicted one. Since it is the only

- = ® 8
g IG = .088 + W] (£0.301)T, + 0.829(+0.501)0_
. 0.376(+0.115)IR ‘

o7g, r= 0.939, s= 0.159, F(3,28) = 67,24 .. (3.18)

pound . hich has cl group at its 8-position, the re
n ason

com
Letivity may be assumed due to intolerance of

of its 1low
a bulky grouP 1ike Cl at the receptor site.

¥ suggests that the hydrophobic nature

Apove stud
+ 7-0or g-position is important for th
e

substituent a

of the
ig always higher than
Géara for any

As U yota

the 0O

activity.
gitive nature of coefficient of (¢

substi tuent,
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sugcests that substitution ol any group at 7-position
would lead to better activity than at 8-position. The

hydrophobic nature or size of the substituent & at

oxadiazolyl ring was found to be of no conseauence, but
nositive nature of the coefficient of IR signifies that

the substituent R at 5'-position gives better binding

activity than at 3'-position. However, this cen also

be explained in othervay that when the exadiazolyl ring
is attached to imidazobenzodiazepine through 3'-position,
the compound exhibits more activity.

come Potential Neuroleptic Agents:
roleptic drugs are thought to modulate cate-

E.
Neu
cholanine amctions 1n central nervous system (CNS) by
pamine receptors.3
atives(VI) have been recently charac-

xybenzanide deriv
potent and selective dopamine blocking agents,35‘35

blocking do A series of 2,6-dialko~

terized as
and among thefs the remoxivride (VI R=CH, X=Br was found
otent inhibitor of

accompanying
rheir studies, Ogren et al. reported

the apomorphine syndrome in

to be a P
ability to cause catalepsy.,

rat without an

In continuatiun t0

o jntidopamiﬂe activity of some alkoxvbenzamide

thesis
the syn 36, 37

e a1 terations at many points (VII).
ives ¥

derivat th -y

. : ~longvi remoxipride are listed
tives = 2

A1} these deriva



in Table 3.6. Very recently Hogberg et al,X has
report~d the syntheiss and biological activitr of some
more alkoxybenzamide derivatives of two isomeric forms
(s & R) with alterations at different voints (VIII).
These compounds are listed along with compounds FLA 797,
raclopride, eticlopride in Table 3.7 (24 compounds).
They were tested for antidopamine activity in vivo by

their ability to inhibit the apomorphine syndrome in

rat and in vitro by their apility to displace [%fT_Spiperone

atal preparations of the rat brain. 4n analogue

from stri
e spiperone is one of the most notent

of haloperidol, t&

neuroleptics discovered so far.

In rat the avomorphine induces the motoric

ctivity and stereotypic behaviours (sterotypies),

hypera
ing and chewing/licking/biting. The EDq

such as sniff
o doses (mOIE/KQ) of comoounds that

in Table 3.6 refer L
e hyperactivity or stereotypies by 50% over the

reduce th
on period. For in vitro activity, the Icso

total observati
concentration of the drug, leading

refers to the molar
31 spi bindi ‘
to 50‘% blOCkade of [..]splperone lndlng. Both-}-:D5o
D!
and ICsQ paranete G22I g
pon the 1ipophi
1 of the phenyl rine (x' in VII). Further,

rs were qualitatively observe
3 g # 1ic character of the substituent
epen

at E‘POSitio
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+he formation of a coplanar six-membered pseudoring,

involving the amide moiety and the methoxy group

(Fig. 3.1), was presumed to be the essential structural
36, 37

requirement for in vitro antidopamine activity.

crystal structure study of substituted benzamides has

P

shown the existence of a strong hydrogen bonding between

the oxygen atom of 6-methoxy group and the amide hydrogen, >
thus forming a rigid bicyclic ring system(ring B, Fig. 3,1)
and the presence of a hydroxyl group adjacent to the amide

carbonyl in salicylamide is supposed To enhance this

planar arrangement DYy forming another six-membered
pseudoring (ring 4) through another hydrogen bond between

the ohenol hydrogen and the amide carbonyl oxygzen.

The nature of the substituent at S5-position in

the phenyl ring (Xz) was not found to influence the
activity in vivo or in vitro and nor was found the
change in H-substituent of pyrrolidine ring (R%) +o

have any effect on the activity.36’37 The electronic

character of any substituent v
to have any effect on the activity. A1l these observa.
36, 37

sas not found by de Paulig

et al.
tions were made by de Paulis et al. only qualitatively,
A quantitative analysis of the correlation of all thege
characteristics of molecules with their activity will



Fig.

3010

Formation of twoO
thoxysa

ponding in 6~-me

pseudorings, A and B,
1icylamides.

by hydrogen

Q ;



precisely determine the extent of the role played by
each characteristic in the drug action of the molecule.

Further, the correlation equations may be exploited to

design a new better compound or predict the activity of

prospective comnounds.

The in vitro and in vivo activity data of

benzamide neuroleptics reported by de Paulis et al. in

their two consecutive studies””’ 7' compiled (Table 3.6).

6 :

In their first study, ° de Paulis et al. varied all 4
2 1 2 .

substituents, X'» X » R', and R® in structure VII

( compads 1-24) and in the next study they concentrated only

1 .
on the variation of X and X2 substituents, keeping r1

afid RE figsd (R1=H, RZ=CQH5, compds 25-46)., Compound 47

is also changed was included in the next study.2/

where R
We analysed the activity data of these compounds together

n to hydrophobic and electronic parameters

in relatio
: 1 2

of the substituents. Since R’ and R™, except in

compound 15 where R1=CH3CO, were changed from hydrogen

to an alkyl group only, two dummy parameters, D, and D,,

Were respectively used for them, each with a value of unity

for an alkyl group and zero for hydrogen.
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With the use of data of Table 3.6, a multipl
: ple

regression gnalysis was found to reveal Eq. 3.19
- _).
correlating the in vitro activity of all the 47
c
with 77 and ¢ of X' and X i .
¥ and X substituents and the two dum
2 : mmy

1
parameters of R and R2 substituents. Now mnsmxxefxd
Nos gExetx

1.105(0.372)7741 + 0.062(+0.400)TT,,2

-log ICzp =
— 1.025(+0,743) 051 + 0.070(+0.826)72

- 2.085(+0.465)D, + 0.129(+0.652)D, + 6.982

n=47, r= 0,894, s= 0.567, F(6,40) = 23.75 (3.19)
. css + 19

d, the narameter rel 2 2
. ated to X and R™ substituents

exoecte

.~e comoletely insign
i f these parameters are dropped, the

ificant statistically at 95% confiden
/ ce

level., Hence,
fers no loss in significance at all (Eq.3.20)

correlation suf

the valué of s slightly drops down and that of F

Instead,
_1og ICs0 = 1.085(+0.351)T1 - 1.038(£0.713) 0,1 - 2.108(10.420)D
= 9
+ 7.048
n=47, r= 0.893, s= 0. 549, F(3,43) = 54.96 ...(3.20)

si”ﬂifiCJntly improvese The F-value is significant at 99%
“71- purther, the correlution

l1evel E%:.a3>(?.o1) = %2

-i fican®, hen the

square ¢ -ym oI TTS9
A

becomes MOY€ gL !
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is also added (Eag. 3.21). Thus Eq. 3.21 shous that while

~log ICgq = 2.502(£0.560)T, 1 - 1.283(+0.543)6..1 - 2.238(+0.319)D,

~1.013(+0.353) (M, 1)° + 6,855

jo
)

n=47, r= 0.942, s= O.ll-'lil, F(L!-,f'—}2) = 78.59 ...(3.21)

hydrophobic nature of X] substituent is important for the
activity, it also puts a 1imit to the latter. This

optimization of in vitro activity by hydrophobicity can
be attributed to a limited steric bulk tolerance at the
active site of the receptor, as in in vitro study there

are no transnort barriers such as intervening membranes

or nonsalective binding to extraneous biological material,

The optimum77y1 value is 1.24.

Votwithstanding to de Paulis et al.'s obSBPVation,36,37

Eqa. 3.21 also suggests that there is a significant role
of electronic character of X' substituent in the binding
of compound with dopamine receptor. An electron—donating

substituent will always favour the binding. One can assume

that by donating electron, X1 will affect C=0 group which
lies meta to it and thus strengthen some hydrogen bond
betweenn C=0 and the receptor. Uhen R =H, one carbonyl

lone pair is held in intramolecular hydrogen bonding, but
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the other is still available for binding to the receptor,

and electron donors in the benzene ring should strengthen it.

A large negative coefficient of I, in Eq. 3.21

reveals that alkylation of OH group at 2-position will
f compounds. This

drastically reduce the activity
3 that

leads to confirm de Paulis et al.'s suggestion

such change at 2-position will produce the steric hinderance

in the formation of presumed pseudorings in compounds, deemed

to be essential for their activity., This steric factor was

found to be important in in vive activity also. In the

correlations of both in vivo assays of compounds, antihy-

peractivity as well as antistereotypy action, tne parameter D1

was found to be statistically quite significant. Thefﬁ&1 was

the only other parameter which had surfaced to be important

in this case. Thus with the available in vivo data, the best

correlation equations obtained were as,

~log ED5O(antihyper-)= 0,970(£0. t51)7T..1 = 0.712(£0,400)D,+ 5,732

n=34, r= 0.704, s= 0.507, F(2.31) = 14.76 ik BB )

0.792(+0.313)D,+ 5.418

eo) = 0.788(i0.357)ﬁk1 -
21.84 ..(3.23)

-log ED5O(antister
n=34, r= 0,770, s= 0.393, F(2,31)

STHEe EqS 3.22 and 3.25’ -though all the vazriables in them

at 95% confidence level and F-values are

are significant



significant at 99% level [F(2.31)(0.01) = 4.49], do not
represent as good correlations as Eq. 3,21 and since no
other variables were found to improve these correlations,
it may be assumed that in vitro and in vivo actions of
benzamide neuroleptics do not involve exactly the same
mechanism and that the receptors in the two systems may

be slightly different structurally from each other.

The in vitro activity data of another series of

highly potent benzamide derivatives (S & R isomers),

reported by Hogberg et al. ® (Table 3.7) was

recently
In their study, Hogberg et al.38 varied

also analysed.
% 6 ,
R R3, Rs, R", and R in structure VIII,

all 5 substituents,
Since 32’ 2 n6 were either OH or OCH3 et dn wonpousy
d in compound 19 where R” is ~Hy,

18 where R® is NH,
15, 18 were resnectively used

thyee dumny parameters I7,
for them, each with 2 value of zero for OH/NH2

R was mostly 02H5
So a dummy parameter IR was

and 1 for
OCH3. except in compound 11 and 17 where

with a value of zero O CgH5
t of different isomeric forms (8 or R)

included

and 1 for Cil,=CH-CH,. Similarly,

+o include the effec
arameter IS has been

compounds another indicator ©

of
a value of 1 for S-1gomer,

included with

-1 for R-isomer



93

and zero for recemic mixture, though there w-s no recemic
mixture. Now the analysis was carried out using these

indicator parameters and hydrophobic and electronic para-

meter of HB.)

For the first 21 compounds of Table 3.7 which
were reoorted3U by Hogberg et al., the regression analysis
revealed the correlation as expressed by Eq. 3.24. Eq.3.24

shows that IRG, IR and GRB are not significant, consequently

~log ICg, = 7.866 -2.720(+0.613)IR® + 0.866(+0.390)1
~1.298(+0.675)IR® + 2.314(+1.907),3
~1.368(+1.314) (T.3)? + 0.591(+0.682)IR°

+0,112(+0,780)IR - 1.039(+1.594) (3

n=21’ I‘=O.956, S=OOI+36’ F(8,12)= 10-72 .t.(3.2L|-)

the elimination of these parameters produced little effect
on the significance of the correlation (Eg. 3.25). In Eq.

3.25, the square term of?TﬁB has also become inSignifiCant,

~log ICsq = 8.190 - 2.543(20.633)IR% + 0.883(+0.400)T _
_1,336(10.717)IR6 + 1.535(+ 1. 457 )T, 3
~0.717(+0.961) (7R 3)°
n=21, r= 0,931, s= 0.487, F(5,15) = 19,64 .. (3, 025)



therefore dropoing this too and the compound 19 whose
calculat~d value from Eq. 3.25 largely differs from the

observed one, a nev correlation (Eq. 3.26) is obtained

-log ICgqy = 8.566 - 2. 677(+0, 609)IR® + O, 864(+0, 375)1
-1.418( +0. 67531R® + o. 582(£0.574) T3
n=20, r= 0.939, s= 0.461, F(4,15) = 22.20 ..(3.26)

where all the parameters are statistically quite signi-
ficant [F(a,15)(0.01) & Q.BQ] . Inclusion of reference
compounds 22-24 in Table 3.7 had led to Eq. 3.27.

“log ICsy = 8475 = 2.599(50.624)IR" + 0.842(+0.398)1
-1,423(f0.721)IR6 + 0.620(i0.605)n;3

n=23, r= 0.921, s= 0,500 , F(4,18)= 22.26 ,..(3,27)

Now Eqs. 3.26 and 3.27 re-established that OH group (R%)
is essential for the activity of compounds through the

formation of pseudoring A (Fig .1) by hydrogen bonding,

~ RO inai
Negative value of coerficient of IR™ indicates that OCH

group at 6-position wlll be inferior to OH group. This

3

may be due to the latter's ability to form stronger



hydrogen bond in ring 3 th rm
o 5y I 1 e %
c g an the former, The effect of

hydronhobic character of R3 subgtituent is not very

encouraging., Further the complete absence of ¢ term for
R? sroup denotes that neither the hydrophobic nor the
roup has any effect

ctronic characteristic of R g

ele
of the compound. This somewhat adverse to

on the activity
the observation that we have made in case of compounds
This may be due To insufficient number of

of Table 3.0
eners of Table 3.7. The positive

—

n- substituents in cong
value of coefficient of IS jndicates that S-isomers will
nity than R-isomer or recemic

better binding affi

have
mixture, estahlishing that stereoselectiviiy is also an
important factor and interfering in the recentor binding

6, gho]9cystokinin Antagonists -
cholecy stokinin [CCE, E ~Asp-Tyr(S05)~ilet~Gly-Trp-
40+ 55 a gastrointestinal peptide hormone

Met—Asp—PheAdo? 1
central neuro transm

os that play key roles in normal

itter. It is one of a

and putative
~rowin 1ist of peptid
| neurotransmitter
modulation of central dopa-

¢ and neurohormones. It

physiology 2%
implicated i

n the

4,42 pctivation of CCK receptors in

ergic transm1551on.
lavs an jmport role in

has Deén
min
g
oral +issues D conbpbl o
nancreatliC and pbiliary secr
motility.aﬁ'hq Whatsoever,

gallbladder contraction,

neriph
etion,

the functions of CCK

and gut

35
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and CCK~like other peptides are not clearly understood
ana little information is avallable for their involvement

in disease states. The studies on their functions and

pharmacological actions are hampered by the shortage
of appropriate pharmacological tools, notably a selec-

tion of potent, stable, and selective antagonists.

For CCK, until recently, there have been no
tnown agents ideally suited to elucidate its physiolo-

gical role. The most widely used amino acid derived

antagnoists, proglumide and benzotript, were of marginal

potency and voor specificity. 45,47 4 significent factor

in the shortage of useful peptide antagonists was the

peptide structure itself. However, recently a natural
product asperlicin (IX) was found to be an effective

antagonist of CCK in vitro and in vivo,48,49 But

asoerlicin had liabilities as pharmacological or
potential therapeutic agent, including lack of oral

biocavailability, modest potency, and poor water

solubility.AQ,WO whatsoever, this nonpeptidal antagonist
provided a basis for the design of improved CCK antagonists,5152
Asperlicin contains elements of the 1,4-benzodlazepine

~anxiety agent as diazepanm

ring system found in such anti

(x). Since diazepam-like anti-anxiety agents are supposed



*)

(X1)




+o be effective ligands for peptide receptors,53,54

5-phenyl-1, l-benzodiazepine ring (e.g. X) was adopted
as the basis for the design’of improved CCK antagonists,51’52

In selecting a pataway for elaboration of this bhasic
attention was focused on 3-substitution, and

ring,
the form which 3-substituent might take was suggested

by two factors-the presence in asperlicin of an indo-

1inylmethyl group derived biosynthetically from L-try-

ptophan (L-Tryp) and the occurence of L-Tryp as a kKey

o acid in the sequence of

ynthesis of compounds XI and XII and their

sdn cck.?? This rationale

led to the s
51,52,56 g provide a rationale to the

various analogs.
JI and XII

selection of substituents at various rings of
ptimize the activity, a quantitative

in order to ©
elationship (QSAR) study has been

structure—activity T
undertaken. 4 part of such study is presented here.

Further work is in Progresss

two initial series that were subjected to

The
amidobenzodiazepines(Tables

g consists of B

nSAR analysl
3,8 and 3,9). These compounds were synthesized and
screened for their CCK antagonist activities in vitro

56 e
plar concentration of ¢

activities were measured in

by Evans et al.
ompound required

terms of ICg0» the M
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for half-maximal inhibition of binding of ['7°1] cck-33
or[' j ccr-8 (+) to CCK receptors in rat pancreatic
or guinea pig brain tissues, or for half-maximal in-

hibition of binding of [1271} gastrin to guinea pig

gastric glands.7: Efforts were made to correlate

these activities by least square method with physico-

chemical parameters. The physicochemical parameters

were mainly t+he Hansch hydrophobic constantmand the

Hammett electronic constant g (Table 3.30)

4 close look at Table 3.8 that contains a large

series 0of 3- ( benzoylamino)benzodiazepines shows that

majority of compounds (compds 1-40) have only para

a
t in the phenyl ring of their benzoylamino

substituen
compounds 45-62
3 are disubstituted containing substituents at

Therefore, for QSAR

noiety. are ortha or meta substituted,

and 41-4

para and ortho ©
the whole geries was
ning all the para substituted deriva-

r meta positions.
analysis divided into two groups—

group one contal
aining ortho ro meta substituted

¢ and group two cont

tive
derivatives. Compounds 41-43 and the unsubstituted

( compd L4) were included in both the ercups.

cne
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— L] - - Sl COCl;e. iC l i ar
5 )4 1 a alne teI‘S Sed il’] ] > £ H .S t:![

Substituent N
T 0, On 2 :
4
0.00
y 0. 00 0.00
5 ~0.28 0.78 Qa1
F
0.14 0.06 0. 34
(8
5, 0. 71 Q.25 Q37
EI‘ 0-86 0023 O- 39
T 1612 0.18 055
CHB 0.56 -0.17 ~0.07
CF5 0.88 0.54 0.43
OCH? —O. 02 "O. 27 Oc 12
N
(CI_IE)Z 0.18 "0083 —o. 15
SCH3 0.61 0.00 Qs 15
SCF- T 0-20 o0
- -0,57 o, Bb 0,56
Cnﬁﬁ 1.96 «-0,01 0.06
-C3H7 1.55 "-O- 13 "0.07
t-":a?i{-] 1 .98 -O. 20 "0010
NH2 =1e23 -0,66 0.02
- ~0.67 =0.37 Q.12
CHZCOOH ~0,72
?)-'C] C(\{:EC“_' 1.99
LAbGa B B e - 7
th the series of congeners

a yged for only ¥ -substituent in bo
5.9) . In Table 3.9 the 5'-position of indolyl

(Tables 3.8 and

ring was treated as meta position.
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For a complete regression analysis, two dummy
parameters were to be defined, one for the configuration

of the compound at 3-position and one for the X-substituent

in S-phenyl ring. The parameter IS, meant for the

configuration, was siven a value of -1,0, or +1, depending

upon whether +he compound h&d R-, RS- or S-conziguration,
Since the v-gsubstituent was either F or H, the other

parameter I, meant for it, was given a value of 1 for

Now for compounds of group 1, a
T g D1,

F and zero for Hs
evealed Eq.3.28, correlating

raul tinle regression analysis T

the ccl{(pancreas) [;":.:'f."'.'q rece'ptor bindlng al'finl'by of

compounds wi th physicochemical and dunmy paradmeters.

1. oas(io.716)TTY,p-o. 704(t0-306)(”’y,p)2

-l0g IC50( CCK-A) =
+0.589(+0,685)T, + 0.224(+0.898)%y

1 1.140(+0.488)I , + 0.350(x0.545)Ty
+6,605

c=0.83, F(6,3M = 11.06, Ty p(opt)=0.7a

;:503.28)

n:[}[}’ r=0.81 O’

w of confidence intervsls, o

From the point of vie
igion ts of the electronic aprancter gy and e dummy

chelTiCx
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parameter I, appear to be highly insignificant, hence

i these two © rrameters are dropped, The Correlation

does not loose much of its significence (E0.3.29), The

coefficient offfp also does not appear to be statistically

-log ICga(CCH-A) = 1.0MA(+0.712) Ty, | -0.735(:0.293)(TT, 32
. e

+0.680(£0.720)Tg + 1.220(+0.471)1_ 16,535
=bl, r= 0.800, s=0.83, F(439=15.
kil , 5=0.83, F(439=15 9, Ty _(0pt)=0.74

.+ (3.20)

significant, but if it is also drooped, the cerrelation
becomes slightly inferior (Eg.3.30)s Therefore, Eq.3.29
is taken to express the best correlation between the
CCV.-A receptor binding affinity and the physj_oochemiCal
parameters. Likewise, Eg.5.31 expresses the best
correlation for the inhibition of gastrin oinding +to

-log ICSO(CCK-A):: 1.204(10.721)VY’p—0.779(iO.301)(77‘_':(_ p)2
+1.295(+0.485)I_ + 6.960
n=bb, r=0.77h, 5=0.87, (340}~ 19, 43 cee(3.30
~log IC5o(gastrin)= 0.604(+0.369)T; =0.445(+0.186) (T )2
i B
+0.,720(+0,330), + 0‘358(f0'257)13+4-984
n=3%6, r=0,301, s=0.%40, F@g3p=12.5?,TTY’p(opt)=o.68

«+ o (3.31)
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~log IC5O(CCK-B)= 0,765(+0. 4937, " —0.349(+c-.208)(77V )2
Y, *
+O.726(f0.524)ﬂ% + 4.582

n=3%0, r=0.692, s=0,44, Et&z@=7,35,7f? (0pt)=1.09

ss & k5. 59)

sastric glands. A poor correlation (£q.3:32) was hovwevep

obtained for the inhibition of CCK binding to the

receptor in brain [cck-B}, even though compds 1,19 and

20, because of +neir marked deviation, were not included
?

in the regression. Cur 2ll attempts had failed to
s correlation,
correlation because of its high

- ove thi The parameter I _ had also
imor S

to be dropped in this
It is to be noted however

cal insignificance.

statisti
z,09 , T, is significant not only

that, unlike in ede.
4 but also in Etis Jedls

~4 -

in Eq. De-2
roup 2 the best correlations obtained were:
For & ’
ic (CCK-A)=6.153-1.706(10-h57)n}'0 + 3.785(+1.820).
“GC

|
[
o)
(1)

n
1Y (TT Y& & o 0 e h )T
~ .3::11(_,1.;“_):,)( ‘{,m" ; l"ilj(.f\‘"'“'z‘jlq

+O.500(100309)IS
<=0.47, F(5)8)=31:35s Ty, n(0Pt)=0.73

[]:.':21, I“=O.955,
LI ( 30 33)
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N

~-log Icco(gastrin) = 4.193-0.51O(i0.&03)7TY’0 2 1.729(&1.69?¥§Fﬁ
-1.386(f1.382)(ﬂ§'m)2 + 0.792(+0.448)1 |
+0.433(+0., 408) Iy

n=20, r=0.883, s=0.40, F(5/4)= 7.05, Ty _(Opt)=0.62

.. (3.34)

-log IC;O(CCK-B)=4.120-0.67Q(i0.379)ﬂ} o +0.645(+0,529) 1
= ?
+0.782(+0,968)I; - 0.217(+0.261)I

n=14, r=0.877, s5=0.38, F(4,9)= 6.65 es{3.35)

In ea.3.35, Ip and 1, are statisticelly not significant,
but if they are dropped, there occurs a drastic change

in the significance oz the correlation (eq. 3.36). 1

ig a dummy parameter used in place °f7ﬁ;, as in case

of group 2 compounds, the R-substituent is mostly either

CH., or Tor only one compound, 61, this R is dirferent
A

(CHZCOOEt), put it shows the effect like CHB_ I, has

thus the value of 1 10T CHz(or CH,COOEt) group and zero

for H group.

_log IC50(CCK-B) .69k - 0.,641(x0.433) 7Ty  + 0.834(0.570)Iy

oL, r=0.777, s= 0.45, F()=7.61 ..(5.36)
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For compounds of Table 3.9 which are 3- (2-indolyl-
carbonyl) amino benzodiazepines, the best correlation

obtained were as follows

“log TCoq(CCH-A)= 8.703-2,798(+0.703)(Ty 5,)%+0.880(+0.322) T

n=18, r=0,936, s=0,30, F(2,15)= 49.40 ..(3.37)

-log Icso(gastrin)=6. 1&7—3.979(32.050)(7?'Y, 51 )2-0.834( 0. 794)1p,

+0, 462(+0,606)I_ + 0.378(+0.658)Iy

n=16, r=0.824, s=0.55, F4,!11)=4.23 e Sy

-log IC5O( CCK-B)=5.637+0.805(.£O. 502 )ﬂ;?. T 161(1. 520)0.;, "

+0.425(+0,418) I ~0.614(+0.556)Ip,

n=17, r=0.887, s=0.38, F(4,12)= 11.11 ..(3.39)

In Eq. 3,38 , T and IX are not statistically significant
at 95% confidence interval, but if they are dropped,

the significance of the correlations is considerably

reduced (Eq. 3,40). In the derivation of Eq. 3.37,compd
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"108 ICc g i = 6
O(vastrln)— 6. 354 ~3,620(+2.086)(TT,, 5,)2
-0, 786(+0.844)Tp, -

n=16, r=0.7h2, S= 0.60, F,r?_)]'{)s'?.af.} (3 L;)
] A .0 » O

was not included, and in the derivation of Eg. 3.39

13 W

compds 13 and 19 vere not included, as all these compound
unds

s in respective correlations. The too

proved gutlier

low observed activities than expected for compound 13

cen be attributed to the steric effect produced by th
e e

bulky OCH3 group
ound 19 with a2 low T v

at 5'-position b s R=
ut how R=CH,COOEt in

comp alue gives higher observed

activity is hard to explain.

Now all these correlations for both series
primarily the im

gubstituents particula
£ nara substituted benzoyl

+ that Mis a dominant

portance of hydro-

1 ':1.."..5}'.

1ead to 23Y
rly at benzoyl

c character of
in case ©
1eﬂﬁbi

phobi
or indolyl ring.
3,29 and i
the actavity.
inqr , the 7T nuts a

" analogs, Fqse.
account for However, Since
g are quadratic

an d from b

factor O
these equation
on the activitys oth the equations it

{ g obtain ed that ez 0.7 wil
AT

i
The occurrer ce - 2

to the op timun

1imit
1 lead

in both the equations

activity.
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further re eals That a hj i -
v S fdl"ophoblc R group at
D at benzodiazeni
eplne

ring will also increase the activi
ctivity. Equati
5 ons 3,29 and
S D4

hav i .
e also IS naraneter denoting that an S-configuration
of the group at 3-position will lead to an incre

ase in

the activity, while an R-configuration will lead to th
e

decrease in the activity. The optimum activity i
S

suggested to be possessed by the racemic mixture of th
e

isomers. Thus Egs. 3.29 and 3.31 which are related to
the inhibition of peripheral CCK and gastrin binding
< S,

respectively, lead to identical conclusions, suggesting

that peripheral CCK and gastrin receptors behave in a

similar way with thelr substrates or ligands. Equation

3.32 which 1is related to CCK binding in brain neither
represents as good correlations as Egs. 3.29 and 3. 31

nor does it contain all the parameters that the latter

the CCK receptor in brain does not appear

have. Hence,
ame manner as the peripheral CCK receptor

to behave in the s
This difference in peripheral and brain CCK receptors

prominantly expibited by Eqs. 3.35 and 3.35 which were
-nd/or meta substituted benzoyl benzodia-
the hydro-

is more
derived for ortho
In case of CCK-A binding inhibition,

zepines.
bic characters of both ortho and meta substituents

while in case of CCK-B binding
y the role of hydrophobic

pho
appear tO play a role,

inhibition is exhibited onl
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character of ortho substituent, It leads to su t
| gzges
that in case of the latter, the meta substituents of
the ligands do not find the opportunity to interact wit
nter with

the receptor, thus brain CCK receptor is structurally

quite different from peripheral one. Equations 3.33

and 3.34 which are almost similar, except that in the

former appears the I parameter and in the latter the I

instead, demonstrate however again that peripheral CCK and

gastrin receptors may be structurally similar,

In £qs. 3.33-3.35 the negative coefficient of 77
X Y,0
suggests that increase in the lipophilic character of ortho
substituent wil

indicates the size effect of or
d that probably the active site of receptors is not

date the bigger substituent at this position

1 lead to a decrease in the activity. This

tho substituent. It can be

assune

able to accommo

of the ligand.

on 3.33 shows the configurational effect

-A binding, while Eq. 3.34 shows, 1nstead,
group at 5-phenyl ring in

Equati
op inhibition of CCK

positive effect of a nmethyl

on of gastrin binding.
se but is present in case of

the
the inhibiti This latter effect is

absent 1in +the former ca
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inhibition of CCK-B binding (Eq.3.35) The configurational
effect in inhibition of CCK-B binding is also

shown to be the reverse of that in CCK-A binding inhibition

Although, the lipophilic character of all ortho
H

meta, and para substituents have been shown to account for

the activity, an analysis of the differences in the predicted

and observed activities of compds 41-43, which are disubstituted

presents an intersting picture. In case of CCK-A binding

inhibition, there is a large difference between the observed
data and the data predicted by fa. 3.29(related to para

analogs), while there is comparatively a much smaller
difference between the observed data and those predicted
by Eg. 3.33 (related to ortho/meta derivatives). It
shows that in disubstituted analogs, the physicochemical

properties of ortho or meta substituent account better

for the activity than those of para substituent. But
this appears o be true particularly for the inhibition
of CCK-A binding, as the differences in predictions by

~tho/meta related equations are not so high in

para and &)
_B binding inhibition (Table 3.8), It cen

gastrin or CCK
ase of interaction of

be therefore agsumed that in ¢
oCK-A receptor, ortho or meta

di substituted ligands with
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substituent would have better orientation ftowards the
active site than para substituent. Such an orientation
difference of disubstituted analogs does not surface in

case of their interactions with the gastrin or CCK-B

receptor.

The QSAR analysis of 3-[(2-indolylcarbonyl )amino]

benzodiazepines (Table 3.9) wnich has revealed Egs. 3.37-3.40

presents a more interesting picture. The occurrence of

only sguared term of 77 and not the unsquared one for the

substituent in indolyl ring at 5'-position with negative
sign in Egs. 3.37 and 3.%8 suggests that no subsii tuent

at this position, whether hydrophilic or lipophilic will be

tolerated for the interaction cof the ligand with CCK-A or

gastrin receptor. These equations exhibit that the optimum
activity of any compound would be associated with only H
substituent for which 77 1s zeroc.
3,39 indicates that 5'=-substituent is totally

The complete absence of

.. -, in Eq.
=Y
irrelevant for the interaction of the compound with CCK-B

The IR‘ parameter used for the methyl group at

receptor.
-position of indolyl group does
3,33 and 3,39 18 this with negative sign,
stituent will be tolerated at this

N, not appear in Eg. 3.37
and in Egs.

suggesting that no sub
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position % i
koo of the indolyl group. Also the lipophilic
charact f R- i _
acter of R-group at 'l~p051tion of benzodiazepine ri
I i i i ng
was found to be significant only in case of inhibition of
[ o

— e e
~CK-B binding (Egq. 3.32) and not in other two cases

similarly, the involvement of X-substituent of 5=-phenyl

ring was expressed (Eq.3.38) only in the binding with

gastrin receptor and not with peripheral or brain CCK

receptor. surprizingly en"ough, an electronic effect

of °'-substituent had surfaced (Eq. 3.39) in case of CCK-B

binding inhibition. Since in no other correlations, any
»

electronic effect was observed, the appearance of 0 in

Ee 7,77 might be only a chance appearance.

From what has Dbeen discussed so far, ve draw the
following rarclusions regarding +he intercctions of CCK

ith peripheral cc
iiTrerent interaction mcdels

antagonists w K, gastrin, ] train CCK
tors and DropoSe

ed by T'-"igS- 302 al'ld 5030

three

=

recaeh
as represent

al CCE receptor and the gastrin receptor

are not much di<ferent styruchurally and behave almost
e manner with their ligands.

1te different from these two and

1. The peripher

in the sam The brain CCK

receptor 1s however qu
thus its mode of interaction with its ligands also

giffers.
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Fig.3.2. Hypothetical model of interactions of
3- (benzoylamino) benzodiazepines with
peripheral CCK and gastrin receptors.
The dotted vortion belongs to the gastrin

receptor.
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2 The peripheral CCK and gastrin receptors seem to
possess a very large hydrophobic area which can be
easily approached and fully covered by unsubstituted
indolyl group of indolyl antagonists, but which is

approaclhiable by benzoyl group of benzoylantagonists

only when it is substituted. Further, when the penzoyl

group is disubstituted, i.e., at para and ortho/meta
positions, the substituent at the latter seems to get
better opportunity to come in contact with the active
site than that at the former, No such large hydro-

phobic site appears to be present in brain CCK receptor.

There seems to be present another small hydrophobic

region, a little away from the larger one, in peripheral
cCK and gastrin receptors to accommodate the substituent
At N]—pOSitio
such a small hydrophobic region to accommode N,=subs-

n of benzodiazepine ring of antagonists.

+ituent appears to be present in brain CCK receptar
2l S0 A third hydrophobic region can alse be assumed
to be present in gastrin receptor, and not in others,

ks enpulf the y-gubstituent of 5-phenyl ring.

Figures 7.2 and 3.3 represent the models of interactions,
for 3- (benzoylamino) benzo-

assumptions,
~ar he Arawn

pased upon the above
R Tadan{ic 11 models can ‘-
: ; w3+ the recettalSs 25
diazeplnes w1 LIl
i szenines.

fHr §= (indolylcarbonyl)amino nenzodi
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CHAPTER IV

OSAR Studies on Some Local Anesthetics,



Local ‘nesthetics :

Local anesthetics are drugs that block nerve conduc-

tion when applied locally to nerve tissue in appropriate

concentrations., They act on any part of the nervous system

and on every type of nerve fiber. For example when they are

applied to the motor cortex, impulse transmission from that

area stops, and when they are injected into the skin they

prevent the initiation and the transmission of sensory

impulses. A local anesthetic in contact with a nerve trunk

can cause both sensory and motor paralysis in the area inner-

vated. The great practical advantage of the local anesthetics

is that their action is reversible.

Although it is widely accepted that local anesthetics
exert thelr pharmacological action by interacting with the
cell membranes, the sltes of their action in membranes are

still not clearly resolved. Some authors suggest that local

anesthetics interact with membrane phospholipids1'2 and some

suggest that they interact with proteins associated with the

membrane.>** It has also been proposed that local anesthetics

act by causing perterbation of the bulk membrane structure.5,6

However some recent investigations have indicated that local

anesthetics interact with specific receptors in tne membranes.7’8

1t was long back suggested that local anesthetics increase the

surface pressure of the 1lipid layer that constitutes the nerve

membrane and thus close the pores through which ions mOVe.9

131
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Most of the theordes discussed above however broadly

speak of the mecnanism of the blockade of the nerve conduc-

tion and thus no satisfactory theory has been established to

discuss the mechanism of drug action at the molecular and

receptor level. To propose anything on this aspect of local

anesthetics would require a thorough knowledge of their

respective activity relationship. We have taken here two

completely different series of local anesthetics to make a

QSAR study. Although some pharmacologists consider tnat

local anesthetics do not exactly fall in the group of CNS
agents still some classify them under the categories of drugs

acting on CNS,1U because drugs used to treat diseases of

peripheral organs but also affecting tne brain are considered

to be CNS agents.

Local anesthetics, in addition to blocking conduc-
tion in nerve axons in peripheral nervous system, interefere

witn the function of all organs in which conduction or

transmission of impulses occurs. Thus they have important

effects on the CNS., Following absorption local anesthetics

may cause stimulation of the CNS, producing restlessness and

tremor that may lead to clonic convulsions. In general, the
more potent the anesthetic the more readily convulsions may
be produced. Alterations of CNS activity are thus predictable
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from the local anesthetic agent in question and the blood
concentration achieved. Some local anesthetics may produce
loss of consciousness that is preceded only by symptoms of

sedation, while few are having effect on mood and behavior.10

(1) Mono-and Diaryl-2-Quinuclidinylcarbinols:

Irrespective of the site of action, the lipophilicity
has been found to be an important factor for the local anesthetic
activity. For a variety of local anesthetics, such as para-
caines, ' benzyl 8100h015;7? procaine analogues, '° ethers of
dihydroxyarenes,14 carbalinates,15 lidocaine anaIOgueS,16,17
and certain nonspecific compuunds,18'19 the activity hag been

shown to De a significant function of the hydrophobic parameter
- '

log P.

Table 4.1 1lists a series of arylguinuclidinylcarbinels
with their local anesthetic activity (LA) studied by Nelson
et al.2o The activity mentioned is relative to that of
propranclol, a prominent local anesthetic. For all the
mingteenz nineteen compounds, the activity data were found
+o be correlated with calculated log P values (calculated

as mentioned in Chapter I1) as shown by Eg. 4.1
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LA = 0.198(+0.103)1og P + 0,072
n=19, r=0,70, s=0.29, F(1,17) = 16.36 (4.1)

In this equation, compound 3 was found to be misfit, as it

has very low log P value tut comparatively very high

activity., This anomalous behavior of compound 3 can be explai-

ned by assuming that its cationic form - all the commonly used

local anesthetics are supposed to exist mostly as positively

charged tertiary or secondary ammonium cation - must be having

very high dissociation constant and thus furnishing, unlike
others, a comparatively high concentration of neutral form
which diffuses through the cellular membrane, Therefore,

if this compound is excluded from the regrééion analysis,

a
significant correlation (Eq. 4.2) is obtained, where the
LA = 0,260(40,088)1log P + 0,132
n=18, r=0,84, 5=0,23, F(1,16) = 23.75 (4.2)

lipophilic factor, being highly significant at 959 confidence
interval, is found to account for about 71% (r2 = 0,71) of
the variance in the activity., Also the F-wvalue in Eq. 4.5

is significant at 9%% level [F(1,16)(0.01) = 8.53). Almost
similar correlation (Eq. 4.3) were obtained with the van dep

Waals volume (Vw). However, since the van der Waals volume
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LA = 0.659(+0.227)V,, - 0.409
n=18, r=0.84, s= 0.23, F(1,16)= 37.91 (4.3)

had significant correlation with log P, one can say that it
is only the lipophilicity that plays a major role in the
anesthetic activity of this new class of local anesthetics.
This study therefore provides another example to support the
role of lipophilicity in the action of local anesthetics.

in this study, the square term of any parameter was not found

to be significant.

(i1) Inhibitory Effects of Local Anesthetics on Batrachotoxin-

Elicited Sodium Flux and Phosphoinositide Breakdown and

Batrachotoxin Binding to Sodium Channels:

It has also been proposed that local anesthetics act
by causing perturbations of the bulk membrane structure.5’6
Their effects on volatage—-sensitive sodium channels have
appeared to be fundamental to their local anesthetic activity,2!
They inhibit not only stimulus-evoked opening of sodium channels,
but also opening of channels by agents such as batrachotoxin
(BTX). Such local anesthetic activity appears to be correlateq
with inhibitory effects of drugs on binding of a radioactive

BTX analog to sites on the sodium channel.”*? Recently, it
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has been shown that agents like BTX, which enhance sodium

channel function, can induce phosphoinositide breakdown in

brain synaptoneurosomes.gs’24 Nishizawa et a1.2? therefore

made a study on the mutual correlations of the effects of

certain local anesthetics on BTX-elicited sodium f[lux
b 4

BTX-elicited phosphol
[%{] BIx-A 20X -benzoate To sodium channels in guinea pig
This study aims to

nositide breakdown, and pinding of

rtical synaptoneurosomes.

cerebral co
chemical properties of molecules that

investigate physicho
govern these effects of local anesthetics ana hence to

discuss the mechanism of drug actiocn.

The data on the inhibitory effects of local anestheti
cs

as listed in Table 4,2 on BTX-elicited sodium flux, BTX
, =

elicited phosphoinositide breakdown, and binding of ESH]BTX A

20« ~benzoate to sodium channels in guinea pig cerebral

cortical synaptoneurosomes were obtained by :.ishizawa et al 25

in each case refers to the minimum inhibitory
ion of drug 1eading to 507

log P and vw’ listed in Table 4.2 were

Chapter II. Log P characterizes the

The 1Cg0
concentrat 4 effect. The physico-
chemical parameters

ated as giscussed in
acter of the molecule,
rug and constitutes
force or steric effects

calcul
while Vw refers to the

hyﬁrOphobic char
ar size of the d an important

molecul

sion

parameter to de
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in drug receptor interaction.
When we first attempted to correlate the data on

sodium flux with log P and V,,, we found that V. was a better

descriptor of the activity (Eq.4.4) than log P(Eq.54.5).

However, neither of Egs. 4.4 and 4.5 reflects any satisfactory

n=16, I'=Oo53’ S=Oo71, F(1,14)=5.48 (4'4)

~log IC50 = O.142(i-0.174)103 P + 4,550
n=16, r‘=0.1+2, S=Oc76, H1’1l+)=3_0£|. (4.5)

correlation and therefore we used both the parameters together
b 4
as they were not mutually correlated {(r = 0.30), and T -

Eq.lb,6 which exhibited a slightly improved correlation.

=-log IC g = 0.876(10.991)vw + 0.098(1'0-168)10g P & 2,209
n=16, r=0.60, s=0.69, F(223) = 3435 (4.6)

The 95% confidence interval values in Eq.4.6 exhibit

that neither of V, and log P 1is statistically significant,
are larger than the corresponding coefficient of the

as they
when ve made the equation quadratic in

parameters. However,

log P, a satisfactory correlation was obtained (Eq. 4.7),
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where each parameter, though marginally was significant at
95¢4 confidence interval and F=value was also significant at
g5¢ level Fﬂsal)(.05)=3.h§]. A further improvement in the

correlation was obtained (Eq. 4.8) when compounds 5 and 12,

which were outliers, were excluded. Similar correlations

were obtained for the data on phosphoinositide breakdown

= 1.138(+0.905)V,, + 0.261(+0.215)1og P

_0.048(+0. 046 log BF + 1.608
n=16, r=0.74, s=0.60, F(3,12) = 4.93 (4.7)

-log ICeq = 1.146(+0.690)V  + 0.197(+0.169)1og P
_0. 041(+0,036)(1og P)* + 1.610
n=14, r=0.82, s= 0.45, F(3,10)=6.20 (4.8)

(eq-4-9) and BTX binding (Eq.%4.10) with exclusion of one or
two compounds, &3 indicated in the Table in each case. In Egs.
L8 - 4,10 all, Tr and s values are almost same indicating that

e~

~log ICgp ~ 1.259(_4;0.674)Vw + 0'182(t00163)10g P
_0. 056(+0.,035)(1og )% & 1.283

n=1£", r=0a8‘,'|'! s=0.1+l+, F(3910)=7'35 (409)



~log ICgqy = 1.172(+0.685)V,, + 0.334(+0.228)log P
-0.051(+0.042)(1og P)? + 1.617 (4.10)
n=15, r=0.85, s=0.45, F(3,11)= 7.97

all the three inhibitory activities of local anesthetics are
equally well affected by the molecular size and the hydro-
phobic character of the molecules. This was as expected,
because the inhibitory efiect on sodium flux was shown to be
linearly related with other two effects.:? Since the
inhibition of BTX binding to sodium channels appears to be
the main cause of the local anesthetic action of drugs, one
may concentrate on finding the nature of interaction of drugs
with BTX receptor. The dependence of inhibitory effect on
suggests that the drug-receptor interaction must involve
the dispersion interactlon and the dependence on log P indi-

cates that over all effect should be governed by the ability

of molecules to reach the receptor site Crossing the lipoig

membrane of the cell. The existence of an outlier (compound 8)

in the correlation of BTX binding inhibitory effect may be
explained assuming that compound required a conformational
change in the receptor for its effect which could not be
accounted for by V,, or log P, However, the existence of

different outliers in other two cases, both related to the

inhibition of BTX binding, is hard to explain.
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S0 far as the role of dispersion interaction in the

fgin et 81.2° had

action of local anesthetics is concerned,
assumed that all molecules acting as local anesthetics

interacted with the receptor in a similar way and that the

controlling factor in the interaction could be expressed in

terms of molecular properties. This assumption of Agin et al

was verified by Handa et al.27 by correlating the local

anesthetic action of a series of nonspecific local anesthetics
’

including some of the compounds mentioned in Table 4.2, with

molecular polarizability (%) and V,, as shown by

Eqs. 4.11 and 4.12, respectively. MBC in the equations refers
to the minimum concentration in an extermal solution necessary

log (MBC) = 3.66 - 0,08( 0. 002 )
n=39, r=0.986, s=0.34 Gh 14

3'765 s 2-650(00123)“w

10g (MBC) =
n=39, r=0,962, s=0.568 (4.12)

ompletely block excitibality. Thus the role of

to C
nteraction in the action of local anesthetic

dispersion 1

sps. to bE an importaﬂt factor and for such interaction gz

appe€
e either BTX-receptor or some

s needed which may b

receptor 1
According to a hypothesis, the

r kind of the receptols

othe
combine with an acetylcholine

local gnnsthetlc molecules
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receptor in the neuronal membrane, while another theory

suggests that local anesthetics elicit their effect

through the inhibition of cytochrome c oxidase.19.29

References :

1 o KEIuSky, E.C. ? Smitjb" I IC.P. Y IVIOJ.-PhamaCOlo 9 _2_@, 314( 198&.)

2 Eftink, M.R., Puri, R.K., Ghabramani, M.D., Biochim,

Biophys. Acta. 813, 137(1985).
3. Weber, M., Changeux, J.P,, Mol, Pharmacol., 10, 35(1974)

4,  Trudell, J.R., Anesthesiology, 46, 5(1977).
5. Seeman, P., Pharmacol. Rev., 24, 583(1972).
6. Lee, A.G., Nature, 262, 545 (1976).

7. Hille, B., in, 'Theories of Anesthesia; General Purty b
Versus Specific Receptors, Progress in Anesthesiology’

Fink, B.R., Ed., Raven, New York,Vol. 2, p.1(1980)
8, Postma, S.W., Catteral, W.A., Mol. Pharmacol. 25, 219(198L\

9. Shanes, A.M., Pharmacol. Rev., 8, 57(1987).



10

11.

12,

13.

(I

19

16.

17 .

18,

Ritchie, J.M., Green, N,M., in 'The Phamacological
Basis of Therapentics", Gilman, A.G., Goodman, L.S.,

Ra1l, T.W., Murad, F. , Eds., Mackliillan, New York, p-322

(1985).

Hansch,C., fujita, T., J. Am. Chem.Soc., 86, 1616(1964) ,
Hansch, C., Kerley, R., J. Med.Chem., 13, 957 (1970).

Johnson, C.L., Goldstein, M.A., Schwartz, A., Mol,
Pharmacol., 9, 360(1973).

Zaagsma, J., Nauta, W.Th., J.Med.Chem., 17, 507(1974) .

Pesak, M., Kopecky, E., Borovansky, A., in "QSAR in
Design of Bioactive Compounds; Kucher, M., Ed,, J.R,

Prows. Science, Spain, p-209 (1984).

courriere, Ph., Paubel, J.P., Niviere, P., Foussard-

Blanpin, 0., Bur. J. Med. Chem., 13, 121 (1978).

Ehrhardt, J.D., Rouot, B., Schwartz, J., Bur. J. Med,

Chem., 13, 235(1978).

Casanovas, A.M., Labat, C., Courriere, Ph., Oustrin, Ts,

Eur. J. Med. Chem., 17, 333(1982) .



—~—
~
-

19, Casanovas, A.M., Malmary-Bebot, M.F., Courriére, Ph.,

Omustrin, J., Biochem. Pharmacol., 32, 2715 (1983},

20, Nelson, P.H., Strosberg, A.M., Untch, K.G., J. Med.

Chem., 23, 180(1930).
21. Catterall, W.A., Trends Pharmacol.Sci., 8, 57(1987).

22, <Creveling, C.R., MdVeal, E.,T., Daly, J.VW., Brown,
G.B., Mol. Pharmacol., 176, 475 (1983).

2%. Gusovsky, F., Daly, J.W., FEBS Lett., 199, 107(1986),

24, Gusovsky, F., Hollingsworth, E.B., Daly, J.VW., Proc,.
Natl. Acad. Sci., USA, 83, 3003 (1986).

25. Nishizawa, Y., Gusovsky, F., Daly, J.W., Mol.Pharmacol,,
L, 707 (1988).

26. Agin, D., Hersh, L., Holtzman, D., Proc, Natl. Acad.
Sci., USA., 53, 952 (1965).

27. Handa,A., Bindal, M.C., Prabhakar, Y.C., Gupta, S.P,,
Indian J. Biochem. Biophys., 20, 318(1983),

58. Bartels, E., Nachmansohn, D., Blochem. Z., 342, 359(1965) ,

29, Casanovas, A.M., Labat, C., Courriere, rh., Oustrin, g

BiOChemo Pha!‘maCOI. 9 ll‘" 3187 (1985) ®



