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PREFACE :

The present dissertation submitted by the author in
partial fulfilment of his Ph.D. degree presents an account
of quantitative structure activity relationship (QSAR)
studies on some pharmacologically important compounds, such
as psychotomimetics, enzyme inhibitors and cardlovascular
agents. Being a graduate in pharmacy and a teacher in
medicinal chemistry, the author developed slowly and slowly
deep interest in theoretical aspect of drug design. But to
work effectively in this field, an able and efficient
guidance was required, which was very kindly and in a friendly
spirit provided by Dr. S.P. Gupta, an Assistant Professor in
Chemistry and actively engaged in the area at BITS. It was
his supervision that made the entire work discussed in the
thesis worth publighing. The thesis as such contains four
Chapters and two Appendices. Chapter one presents a brief
introduction to the importance of and approaches to QSAR
studies, and the remaining three Chapters give #n account
of studies made by the author on some psychotomimetics,
engyme inhibitors, and cardiovascular agents including
some miscellaneous drugs,respectively. A brief introduc-
tion to van der Waals force and its relation to molecular
size, often referred to in the discussion on the mechanism

of drug-receptor interaction has been put in Appendix A.
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Appendix B describes the least square method, the basic
approach adopted by the author.
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I. QSAR STUDIES - AN INTRODUCTION.



QSAR Studies - An Introduction:

Despite all the scientific efforts made in the
pharmaceutical industry, universities and Government
research laboratories, the finding of new useful drugs
remains essentially an inspired hit and miss procedure.
Typically only 1 in 15,000 compounds tested ever emerges
as a commercial drug and the average cost for one noble
drug to emerge on the U.S. market is of the order of § 40
million. Thus it is a small wonder that any rationaliza-
tion of activity which will reduce the number of compounds
to be tested is attractive, not only from the scientific
point of view but also commercially.

The term 'drug design', introduced recently in
chemical pharmacology, represents mainly the effort to
develop new drugs on rational basis so as to decrease the
trial and error factors and predict the biological activity
of compounds before their synthesis. A scientific approach
to drug design is possible only if one knows how drugs act.
Most of the drug molecules bind to some highly specific and
selective sites in tissues, called receptors which form
part of the three dimensional structure of a specific macro-
molecule?. The drug-receptor interaction leads to a chain
of events, finally resulting in response at the macroscopic

level. Therefore, attempts to design drugs involve



consideration of the following points : (i) molecular
structure of the drug, (ii) behaviour of the drug in the
biophase, (iii) geometry of the receptor, (iv) drug -
receptor interaction, (v) changes in structure on binding

and (vi) the resulting biological response.

Of a number of procedures involved in drug design,
the first step is the detection of some biological action
in a group of compounds so as to serve as a lead. This
is followed by molecular manipulations to increase or modify
the activity. This in turn requires knowledge of the type
of action and the activity desired; this is usually done
by correlating the chemical structure with blological
activity. Among the methods used to study quantitative
structure activity relationship (QSAR) are the Hansch
method?~%, the 'Free Wilson method?, factor analysisé,
cluster analysis?, discriminant analysisa, pattern recog-
nition9:10, substructural analysis!!, Darvas simplex
method12, and molecular orbital methods13»1%., Out of these
methods the Hansch method has been most widely adopted for
QSAR studies. In thig method, the biological activities
are analysed (statistically) in relation to various
physicochemical properties of drug molecules. The para-
meters which are used to obtain the correlation equations

can be divided into two groups: (i) those which deseribe

mainly the physical properties of a compound, such as water



solubility, molecular weight, surface tension, partition
coefficient , molar refraction constants and chromatographic
Rf values, and (ii) those which are related to the chemical
activity, such as Hammett's electronic constants, Taft's
steric constants, dipole moment, charge densitities and

electron donor - acceptor properties.

In the present thesis only the Hanseh approach is
adopted but some additional parameters like van der Waals
volume!® and molecular comaectivity indices?® have been
used. The study has been made on some psychotomimetics,
enzyme inhibitors and cardiovascular agents. Besides,

some miscellaneocus series of drugs have alsoc been treated.
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II., QSAR STUDIES
ON
PSYCHOTOMIMETICS,



2¢1. Introduction:

Psychotomimetics drugs are most appropriately
defined! as substances which will consistently produce
changes in thought, perception, and mood, occuring alone
or in concert without causing major disturbances of the
autonomic nervous system or other serious disability.
They have also been referred to as psychedelic (mind
manifesting)z agents to express the general activation
of psychic phenomenon without the connotation of nega-
tive or morbid components. Since the extraordinary, -
unexpected, colourful, world encompassing, or frighte-
ning visions conjured up by these agents are comparable
to autogenous hallucinations, they have been also called

hallucinogens.

‘Presently several compounds are known which cause
psychoses. However, the true hallucinogens, which have
been used deliberately to produce psychosis belong to
the following chemical c¢lasges:

(a) Indole alkylamines (I)
(b) Phenyl alkylamines (II)
(¢) Lysergic acid derivatives (III).

Except for some unknown ritualistic uses, these drugs

were primarily of toxicologlcal interest but recently
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the interest has been aroused in them because it is
assumed that drug induced hallucinatory state provided
a model for schizophrenla. These agents may be of use
in the investigation of the relationshlp among mind,
brain, and biochemistry, with the purpose of elucida=-
ting the etiology of mental diseases, such as schizo-
phrenia. Also the model psychoaes3 produced by these
drugs are used to a certain extent as aids in psycho-
therapy. By releasing the patient from his self ceh-
tered fixations,these drugs help him achlieve a better
response to psychotherapeutic treatment. Repressed
memories may be activated, and even earliest child-
hood experiences may be remembered. Such recall is

of great importance in psychoanalysis and provides a
short cut in this lengthy and expensive type of treat-
ment4~6, 1SD ¢an also be used in the terminal stages
of incurable diseases; its euphoric and detachment
producing effects help the patient to tolerate chronic
pain and face the enevitable with more equanimity7.

As a possible pharmacological basis for the
psychotomimetic actions of these drugs, one theory
postulated that these might act in the brain as anti-
metabolites of serctonin (5-hydroxytryptamine, S5HT;I:
Ri=R;= H, R' = 5-0H)® and wae based on the finding

10
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that d-lysergic acid diethylamide (LSD; III : Ry= Ry =
CpHg, Ry= Ry= H) in low concentration ambagonized the
contractile effects of serctonin on smooth msele?.
However, 2 bromo-LSD which has 50% more éntiserotonin
(anti=-5HT) activit} than LSD on smoothh muscle and which
readily enters the brain has no haliﬁﬁinogenic activity10,
Mescaline (II : R = H, R'= 3,4,5-tri OCH3) an effective
hallucinogen is devoid of antiserotonin activity on rat
uterus !, Thug it is very difficult to find the mode
of action of hallucinogens. Correlation of structure
of drugs with their pharmacological activities provides
an ingight into the mechanism of drug action, but such
correlation studies on hallucinogens have been rather
difficult, as there were no chemical or *in-vitro'
systems for the evaluation of their pharmacological
activity and as 'in vive' studies of hallucinogenic
action might not always reflect their true potency at
receptor site. The first attempt was made by Karreman,
Isenberg, and Szent Gy&rgyi12 to correlate the eleec-
tronic structure of 2 few CNS zgents with their potency.
They performed molecular orbital calculations on
chlorpromazine, LSD and serctonin,and concluded that
these drugs were potent electron donors. Later Synder

and Merrili3 found the energy of the highest occupiced

molecular orbital (Bp,pn) related with the potency of
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some hallucinogens. However, extensive opportunity

was provided for structure-activity relationship (SAR)
studies on psychotomimetics after Shulgin, Sargent and
Naranjo14 compiled the relative potencies studied in
hunansg for a fairly large list of psychotomimetic drugs.
Shulgin et al's data were found to be correlated not
only with EgopMp1” but with hydrophobicity16 and a topo-
logical parameter17 also.

In the present Chapter we have analysed the
hallucinogenic and other related activities of varying
classes of psychotomimetics in relation to some other

parameter.

2¢2e Hallucinggehic and Antiserotonin Activities of LSD

Analogs:

As already pointed out, the basic structure
activity studies with the use of quantum mechanical
methods on hallucinogens, such as LSD, phenylisopropyl-
amines (II : R = CH3) and tryptamines™(I) have suggested
that these dfugs exert their biological effects through
the formation of charge transfer complex with the
receptors12:13,15,18,19, The electronic parameter to
which the hallucinogenic activity was found to be related

# Tryptamine - I R1 = Rz = R" He



was Ejompe This parameter reflects the ability of com-
pounds to donate electrons in a charge transfer type of
interactions. lMore recently, however, this relation-
ship between EjoMp and activity has been questioned with
respect to LSD and its analog32°'22 and N,N-dialkyl-
tryptamine523. To date, no direct electronic correlate
relating the activity of hallucinogens has been reported.
Ingtead, some physical property such as hydrophobicity,
and a topological parameter known as molecular connec-
tivity have been found to be successful in analysing

the hallucinogenic activity data in some cases16117,24-27

In case of LSD analogs, however, Kumbar and Siva
Sankarzo and Siva Sankar and Kumbar2! found the total
orbital energy (Ep) of compounds to be related with their
hallucinogenic (H) and antiserotonin (anti-5HT) activitie

13

as shown by the equations (2.2.1) and 2.2.2) respectively.

log H = = 11.8596 + 7.3951 log Eq
n=12, s = 0.40 (2241

log (anti-5HT) = - 16.2811 + 10.2838 log Ep

)

n=15, r = 0.889, s = 0.271 (2.2.2)

where n is the number of data points, r the correlation

coefficient and s the standard deviation.
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In eq. (2.2.1), the value of r was not reported.
However, on the basis of these equations, Kumbar and
Siva Sankar postulated that some kind of strain in mole-
cules was responsible for these two activities. Among
the various factors responsible for this strain in the
molecules, one may be the size of the substituents. It
was therefore proposed to make a study on the corre-
lation of the hallucinogenic and antiserotonin activi-

ties of LSD. analogs with van der Waals volume, Vw.

2.2.(a) Calculation of Vw:

The Vw has been found to be one of the most
fundamental characteristics of the drug structure
controlling blological activity. Thigs determines the
molecular size and shape of the compounds which are
very important in the aspect of drug receptor interac-
tions. It has been recently shown to be related with
hydrophobic behaviour of drug moleculea28 and conse-
quently with various biclogical activities??,

To find Vw of molecules, spherical shapes are
agsumed for all atoms according to Bondi3© because of
the absence of generally accepted pear shapes. The
values of the van der Waals radil used and calculated

volume of atoms are listed in Table 2.1. Since



TABLE 2.1: VAN DER WAALS RADIUS AND VOLUME OF ATOMS™

Atom Radius, 2° Sphere velume,
(102 £3)

c 1.7 0,206
H 1.1 0.056
N 1.5 0.141
0 1.4 0.115
S 1.8 Os 2Lk
F 1.4 0.115
-~ { aliphatic 1.7 0,206
aromatic 1.8 0. 204
" {aliphatic 1.8 O 241
aromatie 1.9 0.287
aliphatic 2.0 0.335
i aromatic 2.1 0.388
B 2.1 0.388
He 1.2 0.072
Ne 1.6 0.171
Ar 149 0. 287
Kp 2.0 0.335
Xe 2.2 Ol

*'Taken from reference 28.



TABLE 2.2: CCRRECTION VALUES OF VAN DER WAALS VOLUME FOR SPHERE OVERLAPPING DUE TO COVALENT BONDING
AND FOR BRANCHING¥

Bond Bond length Correction Bond longth Correction
valuo(102 23) Bond A value (10% A3)

c-C 1.5 -0,078 0-H 1.0 -0.034
C-H 1.1 =0,043 0=B 1.5 -0,079
C-N 1oy -0.065 S=-H 1.3 -0.040
¢-0 | 1o -0,056 S-S 2.0 -0.062
C=3 1.8 -0.066 S-F 1.6 -0.052
C-F - 1.4 -0.056 C=C 1.3 -0.09%
C=Cl({aliphatic) 1.8 -0.058 C=N 1.3 -0.072
C=Cl({aromatic) 1.8 -0.066 C=0 1.2 ~-0.068
C-Br{aliphatic) 1.9 -0.060 C=3 1.6 -0.081
C-Br{aromatic) 1.9 -0.068 NeN 1.2 -0.061
¢-I{aliphatic) 201 -0.063 N=0 $2 -0,053
C-I{aromatic) 2.1 -0.072 S=0 1.5 -0.057
C-B 1.6 -0.113 C=¢C 1.2 -0.101
H-H 0.7 -0.030 C=N 1.3 -0.079
N-H 1.0 -0.038 C=C(aromatic) 1ok -0.086
N-N A -0.050 Branching for saturated bond

N-O 1ok -0.042 except bonding with H -0.050

. E-8 1.6 -0.061

91

" Taken from reference 28.



van der Waals radii are greater than covalent radii, a
correction for shpere overlapping due to covalent bonding
between atoms was needed for the calculation of Vw of
polyatomic molecules. The calculated bond lengths and
correction values are tabulated in Table 2.2. along with

the correction for branching.

2.2.(b) Results and Discussion:

The fifteen LSD analogs for which anti-5HT acti-
vity was found by Siva Sankar and Kumbar2! to be related
with E7 are listed in Table 2.3. Similarly those.fbr
which hallucinogenic (H) activity was found?® to be
related with Ep are listed in Table 2.4« The Vw has been
calculated for individual substituents. With the use
of data as gilven in Tablél 2.3 and 2.4, the multiple
regression analysis revealed the fellowing equations
correlating anti-5HT and H activities with Vw's of

substituents.

log (anti~5HT) = 2.457 Vw.lR4Ry + 1.211 Vw.Rj3
+ 0t283 VWoRh - 0.051

n=15,r = 0,917, s = 0,294, F3 44 = 19.28  (2.2.3)

log (anti-5HT) = 2.536 Vw.NR4Ry + 1.120 Vw.R3 - 0.056
ns= 159 r®e 009163 8 0'2833 F2’12 » 31017 (2.20h)
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TABLE 2.3: Vw AND OBSERVED AND CALCULATED ANTI-5HT ACTIVITIES OF LYSERGAMIDES (III).

Gompd.  NRjRp | Ry R, Tw(102 23) Log (anti-5HT)
AL S e B R | o et Gew
1 NH, H H 0.177 0.056 0.056 0.63 0.47 0.46
2 NHCH,4 H H 0.339 0.056 0.056 0.80 0.87 0.87
3 N(CH3), H H 0.501 0.056  0.056 1437 1.26 1.28
L NHC HH g H H 0.493 0.056 0.056 1.08 1.2k 126
5 NHCH5 CoCHy  H 0.493 0.420 0,056 1.59  1.68 1.66
(3 NH(iC3H,) H H 0.597 0.056 0.056 1.35 1450 1.52
7 NHCH(CHg ) CH,OH CH, H 0.819 0.245  0.056 2.60  2.27 2.30
8 N(C Hs), H H 0.809 0.056 0.056 2.00 2.02 2.06
9 N(02H5)2 CHy H 0.809 0.24k5 0.056 2.57 2.25 2.27
10 N{C,Hs) OCH, H 0.809 0,30k 0.056 1.77 2.32 2.34
11 H(Gzﬂsiz COCH, H 0.809 0.420 0.056 2.32 2.46 2.47
12 N(CoHg) H Br 0.809 0.056 = 0.287 2.18 2.09 2.06
13 N{C,Hg) 5 . H I 0.809 0.056 0.388 1.76 2.11 2.06
1 N{C,Hs) 5 CHy Br 0.809 0.245  0.287 2.73 2.31 2.27
15 N(-C,Hg-) CHy H 0.705 0.245 0.056 2.11 1.99 2.01

8l

@ paken from reference 20,



TABLE 2:4 Vw AND OBSERVED AND CALCULATED HALLUCINOGENIC
ACTIVITIES OF LYSERGAMIDES (III).

R) = He
Fliny &R, Ry vw(102 13) Log H
Nos MRy Rj Obsd® Calcd.eq.
(2.2.7)
1 N(CH3), H 0.501 0.056 1.00 0.59
2 NH(CyHg) H 0.493 0.056 0.53  0.57
3  NH(CoHs) CHy  0.493 0.245 0.70  0.81
L  NH(CpHg) COCHy 0.493 0.420 0.85 1.04
5 N(CyHg), CHy 0,809 0.245 1.60  1.60
6 N(CHsg), OCHy  0.809 0.304 1,82  1.67
7 N(C,Hg), GOCH 0,809 0.420 1.96  1.82
8 N(-CHp=CH=CH-CHp-) H 0.663 0.056 1,00 1.00
9 N(-CjpHg-) H 0.705 0,056 1.00  1.10
10 N(=CpH)-0-CoH)~) H 0.786 0.056 1.0,  1.30

. Taken from reference 20.



log (anti-5HT) - 20793 Vw.NR1R2 o 0.032
n=15, r =0.888, s = 0.311, Fq 43 = 48.49 (2.2.5)

log (anti=5HT) = 1.784, T Vw + 0.126
nme= 15’ rs= 0.887’ 8= 0.312, F1’13 = h801b (20206)

1°g He 2.47k VWONR1R2 + 1-267 VWQRB = 0.716
n= 10’ gt 00916’ 8= O¢2183 F2’7 = 18.14 (20207)

log He= 2.686 Vw.NR1R2 - 00612
n =10, r = 0.822, s = 0,289, Fy g = 16.65 (2.2.8)

log H = 1.843 ZVw = 0.515
nw= 10| b 00882’ 8 = 00239; F1’8 = 28,01 (2.2-9)

In these equations the various symbols have the follo-

wing meanings:

Vw.NR4Ry -~ Vw for side chain substituent.

Vw.R3 and Vw.R, - Vw for ring substituents R3 and R
respectively.

LVw = sum of Vw's of substituents at all positions.

F - F-ratio between the variances of calculated and

observed activities.

Now equations (2.2.3 = 2.2.9) all exhibit signi-
ficant correlations between activities and Vwe The F =-
value in all of them is significant at 99% level (F3.11

20

(0.01) = 6.22; Fp 4o (0.01) = 6.93; Fy 43 (0.01) = 9.07;
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Fa,7 (0.01) = 9.55; Fy g (0.01) = 11.26). However, a
comparison among them shows that both anti-5HT and
hallucinogenic activities will largely depend upon

the size of side chain substituent {egs. 2.2.5 and
2.2.8). Eq. (2.2.5) accounts for 7% (r? = 0.79) of
the variance in anti-5HT activity and eq. (2.2.8) about
68% of that in hallﬁcinogenic activity due to variation
in Ww.NR4R, alone. Inclusion of Vw.Rj3 mgkes a slight
improvement in the correlations expressed by egs.(2.2.5)
and (2.2+8) (compare them with egs. 2.2.4 and 2.2.7
respectively). Compounds treated for hallucinogenic
activity (Table 2.#) have no Rj substituent, but Vw.Rj,
is found to play little role in the anti-5HT activity
{compare eq. 2.2.3 with 2.2.4). Conclusively, for
anti-5HT and hallucinogenic activities both, the subs-
titution in the side chain is more important than that
in the ring and, as the relating equations show, the
bigger substituent will lead to increased activities.

Now Vw describes the direct structural influ-
ence on both the activities of LSD analogs. Such
direct structural influence on activities could not be
interpreted by the correlations obtained by Dunn and
Bederka?* for only side chain gubstituted analogs with
octanol/water partition coefficient (P) (eq. 2.2:10),
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by Glennon and Kier?® for the same with connectivity
indices (X, refer section 4.1.(a), Chapter IV)

(eqe 2.2.11) or by kumbar and Siva Sankar?0:21 for the
present series with Ep (egs. 2.2.1 and 2.2.2) although
they were as significant as the correlations obtained

by Use.

log (anti-5HT) = -0.54 (+0.32) - 0.74 (+0C.28)D +
0.84 (+0.35) log P = 0.1k (+0.08) (log P)2
ne1,rs=09,, s=0.20, log Po = 2.90 (2.40-4.32)
(2.2.10)

log (anti=5HT) = 24.9% (+3.9) - 0,835 (#0,033) 2X - 0,917
(+0.083)%p - 1/0.0072 (+0.004)°x”
n=1%6,r«0.9%0, s=0.196 (2.2.11)

In eq. (2.2.10), D is a dummy variable used to account
for amide nitrogen being enclosed in a ring system. Data

within parentheses are 95% confidence interval.

All these authors except Kumbar and Siva Sankar,
however, could correlate only antiserotonin activity and
not the hallucinogenic activity. Here is a single para-
meter, Vw, which is correlated simultaneously with both
the activities, and being theoretically accessible and
much simpler than any other parameter, provides an

3
easier basis to rationalize the process of structural



modification. Ep was also found to be correlated with
both the activities20,21, but it could not provide the
picture of structural influence on activities as vividly

as Vw.

The dependence of activities on molecular size
was indicated by Kumbar and Siva Sankar20 algo, when
they correlated anti~5HT activity with the number of
carbon atoms (N) in alkyl substituemts in a small series
of side chain monoalkyl substituted lysergamides (Table
2.5). But it was not conclusive, as the series was
very small and comprised of only side chain monoalkyl
substituted analogs. However, N could not account for
the variation in activity of analogs having isomeric
branched chain alkyl substituents. For this reason
Kumbar and Siva Sankar20 had to exclude compound 4 for
obtaining any meaningful correlation between anti-5HT
and N for the series as listed in Table 2.5. The
correlation obtained by them was of the type:

Anti-5HT = 1/(0.01185 + 0.2207 e~N) (2.2.12)
without any mention of statistical data.
The'usa of Vw, however, permits to include com-

pound 4 also, as Vw takes into account the branching, too;
and thus with the use of all seven data points mentioned
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TABLE 2.5:Vw AND OBSERVED AND CALCULATED ANTI-5HT ACTIVITIES
OF SIDE CHAIN MONOALKYL-SUBSTITUTED LYSERGAMIDES (III).

R3.H’ R‘*OH

Compd. NR.R

oo R2 Vw.NRgRZ Loi(anti-SHT)
et
1 NH, 0.177 0.63 0.60
2 NHCH,4 0.339 0.81 0.89
3 NHC ,H5 0.493 1.08 1.16
b NH (1C 3Hn) 0.597 1.35 1.35
5 NHC3Hy 04647 1.60 1ebk
6 NHC) Hg 0.801 1.81 1.71
7 NHC5H 4 0.955 1.87 1.99

a
Taken from A. Cerletti, and W. Doefner, J. Pharmacol. Exp.
Ther., 122, 124 (1958).
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in Table 2.5, the regression analysis reveals the follo-

wing linear equation,

log (anti-5HT) = 1.789 Vw.MRR, + 0,282
¢ M 7' r=- 0977, s = 00113; F1’5 = 106038 (202013)

which is highly significant and accounts for about 95%
of the variance in the activity.

These relating equations obtained by us are of
high predictive values, and though they do not provide
any deeper insight into the mechanism of antiserotonin
and hallucinogenic activities, they speak clearly of the
structural influence in the action. These equations can
be sucecessfully utilized to predict the activities of
the LSD analogs before their synthesis or screening.
Some such predictions are listed in Table 2.6.

2+3. Pyretogenic and Toxic Effect of LSD Analogs:

In addition to hallucinogenic and antiserotonin
activities, the LSD analogs have been found to show
pyretogenic and toxic effects also, but these effects
are least studied. While making the structure activity
studies on hallucinogenic and antiserotonin activities
using quantum mechanical parameters, Kumbar and Siva

Sankar20'21 attacked on these two effects also, but
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TABLE 2.6:PREDICTED ANTI-5HT AND HALLUCINOGENIC ACTIVITIES OF
. SOME SIDE CHAIN MONOSUBSTITUTEL LYSERGAMIDES (III).

RB-H.

Rh-H'

Vw.NR4Ro Log(anti- Iog H,

e (102 8) 52259 (32
NH(CH,0H) 0.407 1.10 0.48
NH (CH, OH) 0. 561 1.53 0.90
NH(C3HgOH) 0.715 1.96 1.31
NH (G, HgOH) 0.869 2.39 1.72
NH(C5H o CH) 1.023 282 214
NHCH (CH3 ) CH,OH 0.665 1.82 1417
NHCH,CH(CHy ) CH,CH 0.819 2.25 1.59
NHC 5B, CH(CHq ) CH,OH 0,973 2.69 2.00
NH(C,H, C1) 0.628 1,72 1.07
NHCH(C gHg ) CH,C1 0.886 2kl 1.77
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they could not find any electronic parameter to be related
with them. However, we analyzed them in relation to Vw
and found them to be correlated with the latter. The
compounds treated were as shown in Table 2.7 along with.
Vw values calculated for only substituents in them. By

a multiple regression analysis, both the side effects are
found to be parabolically correlated with Vw as shown by
egs. (2.3.1) and (2.3.2).

0,996 (log 7)% 2,262 log T + Vw + 0,04k = O
ne= 9. rs= 0.901, g = 0.103., F2’6 = 12.95 (2.3.1)

0.960 (log Py)?- 2.784 log Py = Vw + 2.628 = 0
ne= 7, r"- 00973’ s ™ 00060, Fz’b = 36.23 ‘2.3.2)

In eqss (2.3¢1) and (2.3.2), T and Py represent relative
toxic and pyretogenic effects respectively. Both the
equations are significant at 99% level (F2,6(0.01) = 10.92;
Fp,4,(0.01) = 18.00), and account for about 81 and 95% of
the variance respectively (r2 being 0.81 and 0.95 respec-
tively).

As already mentioned, the toxic and pyretogenie
effects of LSD and its analogs are least studlied; hence
no biochemical mechanism of these activities are known.
The toxicity of LSD in animals leads to respiratory
failure and hence to death. In man, death attributable



TABLE 2.7: Vw AND OBSERVED AND CALCULATED LOG T AND LOG P VALUES OF LYSERGAMIDES (III).

Vv ¥
Compd. MR 4R, Ry ! log T log

R r e a b
. 4 10 b
” ( A) Obsd® Caldjeq.(2.3.1) Obsd® Caldjeq.(2.3.2)

1 N(-C,Hg-) H H 0.817 1.863 1.787 (0.484)  1.000 0.985 (1.915)
2 N(-CpH;, -0-CoH,~) H H 0.898 1,634 1.722 (0.549)  1.000 0.902 (1.9%8)
'3 N(CH3), H H 0.613 1.892 1.929 (0.342)  1.63% 1.510 (1.390)
b NHC, Hj H H 0.605 1.934 0,337 1.230 1.381 (1.519)
5 NHC ;Hs CHy H 0. 79% 0.505 0.466 (1.805) 1.888, 1.012
6 NHC i 5 _ COCH3 H 0.969 0.778 0.61k (1.657) 0.838 2.062
7 N(-CyHg-) CHj H 1.006 0.602 0.651 (1.621) 2.093, 0.807
8 N(C,Hs) , H Br 1.152 0.699 0.838 (1.433)  0.699 0.698 (2.202)
9 N{C,Hs), H H 0.921 1.702 0.569  2.000 2.019 (0.861)
10 N(CpHs) CHy H 1.110 0.748 0.77h (1.497)  0.699 0.728 (2.172)
11 N(C,Hs), CHy  Br  1.341 0.818 1.45h 2.323, 0.577
12 N{C,H5) 5 COCH; H 1.285 1.279  1.347 (0.924) 0.611 2.289

2 Taken from reference 20. P (ut of two values obtained for a single value of Vw, the one that
does not agree with available experimental one is put within bracket.

8¢
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to direct drug effects are not known, but fatal accidents
and suicides during states of LSD intoxications have been
reported31. The pyretogenic effect of LSD and its ana-
logs leads to rise in body temperature.

However, since hallucinogens are supposed to
elicit their activity by bloeking serotonin receptor
through hydrophobic interaction by mimicing the structure
of serotonin3‘, and since both the toxic and pyretogenic
effects are found to be significantly correlated with Vw
which has been shown to be related with hydrophobic ;
character of molecules, it may be assumed that these two
effects may be a consequence of strong and prolonged
hydrophobic binding of lysergamides with the receptor.
Whatsoever, eqs. (2.3.1) and (2.3.2) describe the direct
structural influence on these two effeets, although both
the equations show that for a glven value of Vw, there
would be two values of each activity. But this is not
difficult to interpret. A single substituent at two
different positions may of course lead to two different
values of an activity, while its size will remain the
same} and a polar substituent may lead to a different
activity value than a nom=polar substituent of the

same size at the same positien.



2.4, Serotonin Receptor Binding Affinities of Phenyl-
alkylamines: :

As already pointed out in section 2.1, halluci-
nogens might act in the brain as antimetabolites of sero-
tonin, therefore serotonin receptor binding affinity
(PAZ, negative log of the concentration of drug that
produces a response exactly half the size of the maximum
one attainable), was also studied for these hallucino-
gens. Recently Glennon et al32, reported pAp values for
a series of phenylalkylamines (Table 2.8). Since hallu-
cinogenic and antiserotonin activities of psychotomime-
tics were found to be related with Vw, we analyzed pAp
also in relation to this parameter. The Vw values were
calculated for phenyl ring and side chain substituents
separately. When regression analysis was performed,

PAy, like antiserotonin and hallucinogenic activities
of LSD analogs, was also found to have certain meaningful

correlations with Vw, as shown by egs. (2.ke1 to 2uk.k),

PAy = 2.162% Vw.ring = 0.277 Vw.X + 5.337
ne= 8’ r ™ 0.889’ 8 = 003%’ F2.5 - 9."5

Fp,5(0:05) = 5.79 (2.4.1)

pAz - 20103 va.rins + 50229
ne8, r=0.886,s=0.28, F g = 21.93

Fq 6(0.01) = 13.74 (2e4.2)



TABLE 2.8 Vw AND OBSERVED AND CALCULATED PA, VALUES OF SOME PHENYLALKYLAMINES.
R

Vw. X Vw.r:lng PA
Compd . X By By, Rg (102 $3) (102 13) : o

Nos Obsd® Calcd.eq. Caled eq
(2.4.1)° (2.4.2)
1 CH,NH,, H H H o3k k 0.168 5.26  5.61 5.58
2 CH,NH,, OCH; H OCH, 0,344 0. 661, 6.85  6.68 6.63
3 CHCH,NH, H - OCH,0 - 0.498 0.406 6.45  6.08 6.08
b CHCHy NH, OCH; H OCH3  0.498 0.664 6.83  6.64 6.63
5 CHCH,NH,, OCH;  CHy CCH, 0.498 0.853 7.12  7.04 7.02
6 CHCH,NH, OCH;  OCHy  OCHy 0.498 0.912 6.81  7.17 7.15
7 CHN(CH3) 5 OCH; H OCH, 0.688 0. 664 6.52  6.58 6.63
8 CHCH3N(CH3) , OCHy H OCHy 0.822 0,664 6.50  6.55 6.63

2 Taken from reference 27. &
—t



PAy = 8,153 T Vw = 3.383 ('ZVw)2 + 1.955
ne 8’ r = 0-9h6, S = 0'217) Fz’s = 21.29
Fp,5(0.01) = 13.27  (2.4.3)

Phy = 1.305%Vw + 5.047
ns= 8’ r'= 0.751’ 8§ = 0.’&03, F1,6 = 7.78
F1’6(0q05) = 5,99 (2.“6“)

Where S Vw-ring represents the sum of Vw values of all
subgtituents in the phenyl ring; Vw-X, the Vw of the subs-
tituent in the side chain; and > Vw, the sum of 3 Vw.ring
and Vw.X.

Of all the equations, eq. (2.4.3) exhibits,
statistically the most significant correlation; but it
repregsents a parabolic correlation and it would be
risky to accept a parabolic correlation'for a small
number of points and which are found to be unusually
scattered on the plot (Fig. 2.1). Seven of the eight
points are rather closely scattered with an activity
range of only 0.67 units and only 0.58 units in Vw.
The only other point is lying low. Of the rest, eq.
(2.4.2) expresses the best correlation, accounting
about 79 percent of total variance:. This equation
involves only one variable 1i.e. the overall sigze of
the ring substituent, or in effect the size of the
ring. Inclusion of Vw of side chain substituent in
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the regression analysis is not found to make any improve-
ment in the correlation expressed by eq. (2.4.2) (see
eqe 2.4+1). From this it seems that in serotonin recep-
tor binding the ring substitution is more important than
the side chain substitution. However, like antiserotonin
and hallucinogenic activities of LSD analogs, the sero-
tonin receptor binding affinity of phenylalkylamines is
also exhibited to increase, if the size of the molecule
with proper substitution is inereased. Since, phenyl-
alkylamines too produce hallucinogenic effect, it seems
quite plausible to assume that hallucinogenic action
involves some binding phenomenon with the serotonin

receptor.

2.5. Serotonin Uptake Inhibition Activity of Tryptamine
Derivatives in Thrombocytes: '

Encouraged by overwhelming success in correlating
the hallucinogenic and antiserotonin effects of lyserga-
mides, and serotonin receptor binding affinities of
phenylalkylamines with van der Waals volume, we proposed
to study the correlation of inhibition of serotonin uptake
by various tryptamine analogs in thrombocytes with Vw.

For the compounds as listed in Table 2.9, the uptake
inhibition activities in terms of EDg, (effective dose

producing 50% inhibition) were recently reported by

34



Kumbar et al33, These authors had found the inhibition
activities to be related with the total Huckel molecular
orbital energy (Bp) and the hydrophobic character of the
molecules. In their correlation, the compounds had
fallen in two distinct groups : upper group comprising
of compounds 1 to 12, and lower group comprising of
compounds 13 to 23. On the basis of this, they postu-
lated the involvement of two receptor sites that were
sterically and electronically dissimilar in nature.
However, they had found the hydrophobicity to be
important only in one group-the lower group.

Correlation of activity with Vw will provide an
additional information to the involvement of sterie
factors in the drug-receptor interaction, as Vw deter-

mines the molecular size of the molecules.

Results and Discussion:

With the use of data of Table 2.9, the regression
analysis revealed the following two equations correlating
log EDso with Vw, for upper and lower groups, respectively.

log ED50 = 0,928 Vw + 0.826
ns= 12; rs= 0'791' B - 0'16“" F1’10 - 16073 (205-1)

35



TABLE 2.9: A SERIES OF TRYPTAMINE DERIVATIVES (I) ALONG WITH THEIR Vw AND SEROTONIN UPTAKE
INHIBITION ACTIVITY VALUES.

Compd. NR R, R V"o Log ED5q

No% Ry Rg Rg Ba (102 43)  (Opsg® Caled®
1 NH, OH H H 0.482 1.079  1.273
2 NH, H OH 0.482 1.255  1.273
3 NH, H OH H 0.482 1.279 1.273
L NH, NH, H H H 0.522 1.097  1.310
3 NH, H OH OH H 0.563 1.352  1.348
6 NH, OH H OH 0.563 1.686  1.348
7 NH, H OCH; H H 0.649 1.556  1.428
8 NHCH, NH, H H H 0.68L 1.549 1.461
9 N(cn3) 5 H H H OH 0.806 1.663 1.574

10 N(CHy), NH, H H H 0.846 1.415  1.611

11 N(CH;), H OH H OH 0.887 1.628  1.649

12 N(CHg) 5 H OH H OH 1.195 1.924 1.935

contdese.

<Y
=]



TABLE 2.9: CONTD.

Compd. NR 4R, R' = Log ED5o
No2 Ry, R R R (102 33) Obsd® CaledS
5 6 7

13 NHCH, H OH H H 0.644  0.279  0.460
1% NHCZH5 H - N .0 0.798  0.778  0.628
15 NHCH, H H H OCH,4 0.811 0.5414 0.642
16 NH, H OCHy H  OCHy 0.897  0.978  0.736
17 NHC Hg H H H  OCH, 0.965  0.95  0.811
18 NHCH, H OCH; H  OCH, 1,059  0.903  0.914
19 N(GoHs), k. faw RS 1.15  0.875  1.017
20 NHGH5 H OCH3 H  OCHy 1.213 0,954  1.082
21 N(CH;), H OCHy H  OCH, 1.221  0.968  1.091
22 N(CyH5) 5 H H H OCH, 1.281 1.255  1.156
23 N{C,Hs), H OCH; H OCHy 1.529 1.477 1.427

- These numbers are not same as in reference 33; compounds have been listed in each group
c
separately in increasing order of Vw; . taken from reference 33; for upper group

from eg. (2.5.1) and for lower group from eq. (2.5.2}.

LE



log ED50 = 1,093 Vw - O.244
n=11, r = 0.890, s = 0.152, F1’9 = 3h446 (2.5.2)

F values in both these equations are significanmt at 99%
level (Fy 40(0.,01) = 10.04; F; ¢(0.01) = 10.56). Both
these egs. exhibit significant correlations which are
comparable to those obtained by Kumbor et a133 between
log ED5p and log Ep for upper and lower groups as shown
by egs. (2.5.3) and (2.5.4) respectively.

log EDgg = - 2.952 + 2.908 log Eq
ns=12, r = 0,851, s = 0.134 (2.5.3)

log ED,O - - 5&539 + 3-95“ 103 ET
ne 11, r = 0,893, s = 0.142 (2.5.4)

With hydrophobicity factor (log P), this activity was
found by the same authors to have scme satisfactory
correlation in case of lower group (eq. 2.5.5). For
upper group, the correlation between log EDj5g énd log P
was very poor (ege 2.5.6),

log EDg = 7.889 x 1072 + 0,361 log P
Res 1t r ™ 0.801, s = 0.189 ‘205o5)

log EDgy = 1.215 = 0.223 log P
ne 12] X - 00650, 8= 00190 (2.5.6)
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In our analysis also the two groupsremain separated
(Fig. 2.2). DNo correlation is found, if both the groups
are treated together. This clearly supports the assump-
tion that two receptor sites of sterically dissimilar
nature are involved. Additionally, since steric influ-
ence in inhibition is more clearly manifested in our
studies {egs. (2.5.1) and (2.5.2) both show that as the
size of the molecule would increase, the activity will
decrease), it might be assumed that ©0 act as serotonin
uptake inhibitors, the compounds must pecssess some
desired conformation. As it is generally accepted that
antiserotonin activity is the result of blocking of
serotonin by drug molecules at its receptor sites, it
might be said that molecules should achieve a confor-
mation similar to that of serotonin at least while
complexing with receptor sites. For this they should
have conformational flexibility and this is in con-
formity with our finding. The larger substituent will
decrease the conformational flexibility and hence
decrease the chance of complexing uith receptor sites
leading to decrease in inhibitior activity and that is
what depicted by egs. (2.5.1) and (2.5.2).

The separation of compounds into two distinet

groups as found by us and Kumbar et 2133 ag well, is
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well explained by the existence of the two most stable
conformations (extended and folded and sterically quite
different) of serotonin. These two conformations of
gserotonin have been established by various molecular
orbital studiesg34#~38 and some experimental observations39;
and in one of the theoretical studies38, it was suggested
that these two stable coﬁformations might correspond to
two serotonin receptor sites. The separation of compounds
into two distinet groups is therefore a clear indication
that two receptor sites of a sterically dissimilar
nature are involved in the uptake of serotonin and its

inhibition.

Thus our study manifests a clear influence of
sterie factors in serotonin uptake inhibition and
throws the light on the role of conformational aspect

of molecules in this phenomenon.
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3.1, Introduction:

Living cells are amazing chemical factoeries that can
synthesize the huge variety of chemicals needed for energy,
cell function, and cell division. These reactions are cata-
lyzed by enzymes, of which some hundreds are known. Cells
may differ in which enzymes they can synthesize, depending
in part on cell function. Those cells that can not make
an essential chemical for growth must be supplied with the
chemical to live, function, or divide; such a chemical is
called an essential metabolite. For example, primitive
bacterial cells such as Escherichia coli can grow con rela-
tively simple media and synthesize all their amino acids
and vitamin requirements. in contrast, mammals can not
synthesize vitamins or certain essential amino acids; these
essential growth factors must be supplied in the diet. Any
dietary deficiency can lead to death of the cell. Similarly,
any loss of an essential enzyme or its function can cause
loss of funetion or death of the cell because of lack of
formation of an essential metabolite. Therefore blockade
of the function of an essential enzyme for growth or cell
division has ﬁeen a favoured target for anticancer and
anciparagitic chemotherapy. The partial or total blockade
of a mgmmalian enzyme for control of the funetion of a
specialized type cell in the mammals, such as nerve or

brain cells, has also been a target for the medicinal

chemist.

&7
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The mechanisms by which enzymes catalyze reactions
are only beginning to be elucidated. Investigations of
complexes between the enzyme and substrates or substrate
analogs have yielded a significant amount of informatiocn
concerning the specificity and catalytic mechanisms of
enzymes. It is now recognized, although not yet fully
understood, that mechanisms of enzymic or receptor systems
obey the laws of chemistry. A general mechanism by which
enzymes function,can be depicted in the following mannert:

k1 k2
E'.'S.—-—-—;- el
= 1 E S cowmy E+P

where E is the free enzyme; S,the substrate; EsessoS,

the initial enzyme - substrate complex; and P, the product .
Attractive forces exist between the enzyme and the subs-
trate which control the formation of the initial reversible
ES complex. The specificity of enzymic reactions is ini-
tially governed by the formation of the ES complex. The
second phase of enzyme specificity is controlled when
reactive functional groups on the enzyme and the substrate
are properly Juxtapcsitioned in the ES complex tc allow
reaction to occurs In the reaction step, covalent bonds
may or may not be formed between the enzyme and the subs-
in the formation of the initial ES complex

trate. However,

non-covalent interactions between the enzyme and the subs-

trate are jnvolved. The types of bonds that may be involved



in the initial ES complex are charge - charge interactions,
hydrogen bonding, protein - water interactions, vander
Waals interaction and hydrophobic bonding?. When an
enzyme and & molecule form a reversible complex which

does not yield a product (P); i,e., ko = 0, inhibition

of the enzymic reaction results3=5. This equilbrium can

be depicted as:

E+ 1 __1_;> EI

-1
where I is an enzyme inhibitor. In the simplest case,
reversible inhibitors can be classified intc two main
types: (i) competitive and (ii) non-competitive. Compe-
titive inhibitors react reversibly with the free enzyme to
form an EI complex which prevents the enzyme from combi-
ning with the substrate. Non=competitive enzyme inhibi-
tors do not prevent the formation of the ES complex, but
‘function by inhibiting the breakdown of the ES complex
into products. In case,; a gingle substrate is used by
several differemt enzymes, it is highly probable that the
active site, or more specifically the site required for
binding the substrate to the various enzymes, will be
either identical or atleast extremely similar. Therefore,
the chances of designing a reversible inhibitor of only

one of these enzymes are small. As an approach to this

49
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problem, it has been suggested that an extra dimension of
biological specificity could be obtained by the preparation
of inhibitors which, after the initial formation of a
reversible enzyme - inhibitor complex, irreversibly in-
activate the enzyme by means of a covalent bond between

the enzyme and the inhibitor. Such inhibitors are known

as active site - directed irreversible inhibitors6’7. The
mechanism for active site - directed irreversible inhibition

can be depicted in the following manner:

A kza I+7Y
E * ——9‘ EootoI ano. +
s \ N

W ‘r"l R

Y Y

where
E —> Free enzyme

14

[ R
R ——> an inhibitor bearing a reactive group ;
I

) ¢

I

|
EeeeoeR ——> the initial reversible enzyme - inhibitor
|

$ 4 complex.

E.eesl —> inhibitor covalently bound to the enzyme.

LA
R
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Compared to a reversible inhibitor, the extra specifi-
city of active site - directed irreversible inhibitor

is dependent upon the ability of the reversibly bound

inhibitor to bridge to and form a covalent bond with a
nucleophilic group on the enzyme surface and upon the

nucleophilicity of the enzymic group being covalently

1:I.nked§

The present chapter aims at analysing the acti-
vities of some such reversible and irreversible enzyme
inhibitors in relation to their various physico-chemical

and electronic properties.

3.2. Cholinesterase Inhibitors: Carbamates, Phosphates

and Amides:

It is now generally believed that cholinesterase
inhibitors, such as carbamates, phosphates etc. exert
their inhibitory effect upon the enzyme through the
enzymic hydrolysisg'11 as shown in general by eq.(3.2.1)
anﬂ iﬁ particular for carbamates and phosphates by
eqs. (3.2.2) and (3.2.3) respectively.

AX + EH=—AX.EH—> AE + XH (3.2.1)

0
l

0
|
RyR,N-C-E + ROH (3.2.2)
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C C
Il l
(RO)Z-P-QR'+ EH:?Q(RO)z-A-OR'.EH-——u-—a

0
I
(RO)z-P-E + R'OH (3.2.3)

where the first step involves the attack of the enzyme (EH)
on a particular atom or bond of the 1nhibitors'and the
second step is the rate determining step. The reactions
are analogous to the alkalﬂhydrolysis of diethylaryl
phosphates to give correspending phenols and diethyl
phosphates.

Molecular orbital calculations have shown12'26
that enzyme hydrolysis and hence the inhibitory activity
of the inhibitors depend upon the electronic indices,
such as charge density, superdelocalizibility, frontier
orbital density, etc. of the site of the enzymic attack
in the molecules. For example,Ban and Nagata19 on the
basis of Huckel molecular orbital (HMO) calculation on
a series of substituted phenyi N-methylcarbamates showed
that the inhibitory power of the inhibitors against
cholinesterase (fly brain) was related to the 7—-charges
on both the oxygen atoms of the ester'group, and that
the ease of hydrolysis roughly parallelad with the nuec-
leophilic superdelocalizibility index, s'; while Neely!® '
in his studies using HMO approximaticn only onm the phenol

portion of the carbamates found that the pKa was related



53

with the dipositive character of the C-0O bond (a bond

is said to be dipositive if its both ends possess formal
positive charges). Similarly, Pullman and Valdemoro?®
using HMO calculation on some organophosphates showed
that the enzyme inhibitory power of these compounds was
parallel to the value of the positive charge on their
phospharous atom. Earlier Pullman and Pullman27 had
proposed that practically all the fundamental type of
biochemical substrates undergoing enzymic hydrolysis

have the common feature of undergoing this reaction on

a T-electron deficient bond (7 -electron deficiency of

a bond is measured by its dipositivity). Later FuKul

et 2112 in their study on a series of diethyl substituted
phenyl phosphates showed a rough parallelism between the
inhibitory power of the compounds and the S of their
phogphor—us atom. Likewise Gupta et al?? noted that the
authelmintic activity of organophosphates, which depended
upon the ability of the compounds to undergo engymic
hydrolysis, was related to S of the phosphorcus atom and
the dipositive character of the P-C bond.

Incuye et al13 and later Cammarata22 studied the
case of nicotinic acid derivatives as cholinesterase
inhibitors and found that their inhibitory power was
related with the frontier orbital charge density at the

carbonyl carbon. Similarly, studies made on a series of



N-alkyl-substituted amides?7218:22,2k ghoyed the inhibi-
tory power to have some connection with the charges at

amide nitrogen, carbonyl carbon and carbonyl oxygen.
Further, in a study on a series of 3-hydroxyphenyl-
trimethylammonium derivatives, it was noted?! that their
cholinesterase inhibition activity was dependent upon

the hydrogen bonding ability of their 3-hydroxy group.
However, only a very few of these structure-activity
relationship studies were tested statistically. So far
QSAR studies have been made only on nicotinic acid deri-
vative523, N-alkyl-substituted amides?3 and 3<hydroxyphenyl-
trimethylammonium derivatives®!, None“theTless, QSAR
studies made on N-alkylsubstituted amides can not be said

tc be complete. The QSAR studies on cholinesterase inhi-
bition by carbamates and phosphates have not been made

so far. Ve therefore proposed to supplemert this study

by making QSAR studies on remaining series of inhibitors.
The present investigations together with those made in
e a deeper insight into the mechanism of

/
past may provid
cholinesterase inh ibition.

In the present QSAR studies on carbamates, phos=-

phates and N-alkylsubstituted amides, electronic structure

as obtained by previous workers has been used. In the
regression analysis only those electronic indices have

been used which were shown qualitatively to have some

relation with the activity.
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Results and Discussion:

Carbamates: As already mentioned, Neoly15 had calculated

the electronic structure only of the phenolic moiety of
carbamates and pointed out a relationship between pKa
(-log acidity constant) and the charges at the ends of
(-0 bond. With the use of data in Table 3.1 for the same,
we however found Qg {charge at the carbon) and Qo (charge

at the oxygen) to be quantitatively correlated with pKa

as shown by .eqse 3.2:4 = 3.2.6..

pKa = =79.343 Q¢ + 14.056
e pprie G952 67 BN Fly'h ahheh (3.2.4)

pKa = -395.088 QO - 39.686
n=9, r=0.971, s = 0,503, Fq g9 = 117.23 (3.2.5)

pKa = -32.081 Qg = 243.970 Qg + 30.011
ns= 9’ r = 0.978, 8 = 0¢‘|’75, F2’6 = 66.58 (3.2.6)

In egs. (3.2.4 = 3.2.6), r values exhibit highly signifi-
cant correlations between pKa and electronic indices, and
F values in all these equations are significant at 9%
level (Fq,7(0.01) = 12.25, Faz.6 (0.01) = 10.92).
However, Q¢ and Q, together are found to lead to a better
correlation (eq. 3.2.6) than they do so individually.
Thus Pullmans' observation that enzymie hydrolysis will



TABIE 3.1: EIECTRONIC PARAMETERS* AND pKa VALUES* FOR PHENOL PORTION OF CARBAMATE

INHIBITCRS.
ey,
R
S.No. R QG Qg pKa
Obsd. Cald.Eg.(3.2.6)

9 s g 0.055 0.076 9.2 9.7
2 2-C1 0.076 0.079 8ol 8.3
3 2,4=-di-Cl 0.087 0.081 7:7 7.5
[ 2,4 ,5-tri-Cl 0.086 0.080 7.2 7.7
5 2-CHqy 0.039 0.075 10.2 10.5
6 3-CHg 0.057 0.076 10.1 9.6
7 2-N0, 0.090 0.084 742 6.6
8 2,4=di-N0, 0.117 0.090 L0 b3
9 H 0.056 0.076 9.9 9.7

* Reference 15.

a Charge at the carbon atom attached to oxygen.

b Charge ét the carbonyl oxygen.

3G



depend upon the dipositivity of the bond is supported

quantitatively also.

Phogphates: In the case of a series of diethyl substi-
tuted phenyl phosphateé. the inhibition activity was
shown1? to be related to the mucleophilic superdeloca-
1izibility index of the phosphorus atom, Sg, and its
charge, Qp. However, the regression analysis with the
use of data as given in Table 3.2 correlates Sg and Qp
with the activity in terms of pI (-log median inhibitory

molar concentration) as:

N
pI = 91-115 SP - 9&0“15
ns= 15’ r = 0.5‘)2’ M 1-629' F1’13- 50‘01 (302.7)

pl = -832,608 Q, + 239.404

ne= 15, r= 0.472, s = 1.709, Fy 43 = 3.7k (3.2.8)
N

PI = 95,478 SP + 51.787 Qp - 113.738

ns= 15’ rm= 005“2? 8= 10695’ F2’12 ] 2'50 (3-2-9)

Equations (3.2.7 - 32.9) do not show any significant
correlation of activity with Sg or/and Qp. However, a
better correlation with Sg than that with Qp leads to
agsume that after the attack on the phosphorus atom by
the enzyme the formation of intermediate complex in-
volves the charge transfer phenomencn, as Sg incoppo-

rates the charge transfer concept.



TABLE 3.2 ELECTRONIC PARAMETERS* AND CHOLINESTERASE INHIBITION ACTIVITY* OF

—

e ——

DIETHYL SUBSTITUTED PHENYL PHOUSFHATES.

0
I\

0—P—(0C,Hs) ,

S No. R sg Qp pE
- Obsd. Cald.Eq.(3.2.7)
1 2,4-d1-NO, 1.132  .278 8.523 8.727
2 0-N0» 14120, ° -279 7.301 7.633
3 p-NO» 1,119 .279 7.585 7542
L p-CHO 1.106  .279 6.82% 6.358
5 p-CN 1.1.06 .280 6.886 6.358
6 2,4 ,5-tri-Cl 1.100  .280 8,222 5.811
7 2,4-di-C1 1.100  .280 6.301 5.811
8 0-C1 1.099  .280 L .690 5.720
9 p-Cl 1.099 .280 L.523 5.720
10 H 1.097  .281 8.000 5.538
11 m-NO, 1.097  .281 7.301 5.538
12 p-CHj 1.097  .281 3.000 5.538
13 m-OCHy 1.096  .281 3.886 5447
14 p-OCH, 1.096  .281 3.000 5447
15 p-N(CH3) 5 1.09% 6.398 5426l

«282

* Reference 12.

e —

I
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N-alkyl-substituted amides: Considering only the

T -electron delocalization in this series of inhibitors,
Purcelll7 first observed the activity to be related to
the charge at the amide nitrogen contrary to the view<®
that inhibition should bg related to the electrophilic
charafter of the carbonyl carbon in the amide group.
With the use of data in Table 3.3, the regression

analysis correlates plsg(-log molar concentration causing

50% inhibition) with Qy as,

plsg = 5.348 Qy + 3.512
Re Sy " 0.738, s = 0.318, F1,3 = 3.59 (3-2.10)

Earlier Martin?3 had also attempted the correlation bet-

ween these two variables (eq. 3.2:41),

pIso = 8.116 QN + 3"0"'
n=6,1r"= 0.696, F1,h = 3.77 (3.2.11)

but eqs (3.2.11) shows a little less satisfactory corre-

lation than eqge. (3.2.10) (Martin had used six data points

and values of Qy as glven within bracket rounded up to

three figures of decimal, while we used Qy values up to

four figures and did not include the compound 5 and 7 in

the regresaion.analysis, as the data for them were in-

complete). In Martin's study several other discrepancies

were found which are 1isted in the footnotes of Table 3.3.

R



"TABLE 3.3. ELECTRONIC PARAMETERS* AND CHOLINESTERASE INHIBITION ACTIVITY* OF
N-SUBSTITUTED {-DECYL~3 (CARBAMOYL) PIFERIDINES.

it
H3G(GH2)9 1:; R

H

SeNo. R Q mg° (D) PZ50 -t
Obsd. Cald.EqJ3.2.12)

1 CONH, 0.1375 (0.137) 3.77 4206 4 .283

2 CONHCH, ‘ 0.2126 (0.212) .21 L.458 h.559

3 CONHC Hg _ 0.2088 {0.209) ke 23 4 .863 L571

L CON(CH3) 5 0.276L (0.276) 5.87  h.66L 4971

5 CONCH3C,Hs Gl - ) ’ . 2

6  CON{C,Hs), 0.2702 (0.273)°  5.05 5.278 5.08

7 CON(C3Hp), -  (0.270)4 5.12  5.979 5.125

* References 17, 18 and 22.

aT-charge at amide nitrogen; data within bracket are those used by Martin?3 in
QSAR studies.

b The measured dipole moment of the amide groups in Debye unit taken from Ref 18.

¢ This datum seems to be wrong as rounded figure upto 3 decimal point should be
0.270 and not 0,273.

d Martin has claimed to have taken this datum also from Ref. 17 but nc data for
charge is given for compound 7 in this reference.

03



In a successive paper, Purcell et al18, showed
the inhibition activity of these amides to be related
with the experimental values of the amide group moment

pg (Table 3.3)e Quantitatively, the pg is found to be

correlated with plsg as,

n= 5’ r = 0.805, S = 00279’ F1’3 o 5!53 (302012)

From eqge (3.2.12),we find that activity is better
correlated with ug than with Qy (eqe 3.2.10). For the
sake of comparison only, we left out the compounds 5
and 7 in eq. (3.2.12) also as we did in eq. (3.2.10).
If Qy and pg together are included in the regression

analysis, we get eq. (3.2.13),

PIsp = <4463 Qy + 1.088 pg + 0.865
n=5, r=0,82,s=0330, Fy,e=206 (3.2.13)

which does not show any better correlation than egq.
(3.2.12), as the value of s is significantly greater
in eq. (3.2.13) than in eq. (3.2.12), though r value

is slightly improved.

Millner and Purcellz# re-attempted the problem

by caleculating both 6 = and T = charges and examined

the relation between the total charges at amide nitrogen,
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carbonyl carbon and carbonyl oxygen, Qg, Qg and Qg
respectively, and the inhibition activity, but were
unable to find any apparent relation between tham

(Table 3.4)e Thus they could not draw any conclusion
regarding the role of the electronic character of the
amide group but speculated that the hydrophobic character
of alkyl group on amide was controlling factor in the
enzyme inhibition.

However, when the problem is studied quantita~
tively, a highly significant correlation is obtained as
shown by eqe (3.2.14), between the electronic character

of the amide group and the activity.

. T ]
plsg = -51.877 Q - 35.993 Qy = 3576.355 Q) = 1124571
ne= 7, p A 0.983] e 0'101’ F3’3 " 28.21' (302.1‘&)

Thus a QSAR study establishes the role of the electronic
character of the amide group in the enzyme inhibition,

and a further analysis reveals that out of dﬁ, Qg and Qg
delineating the electronic character of the amide group,
Qg plays a better role (ege 3.2.15) than dﬁ (eqe 3+2.16)

or Q'g (eq. 3.2-17)'

pISO - "7309‘!-5 Qg » 25'131
ne= 7’ r = 00793’ 8 = 0-256 F1.5 = 8.49 (3-2-15)
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TABLE 3.4. ELECTRONIC PARAMETERS#* AND CHOLINESTERASE (BUTYRYL) INHIBITION ACTIVITYx*

OF N-SUBSTITUTED 1-DECYL-3 (CARBAMOYL) PIPERIDINES.

+

H
S.No R iy o® &° pI
b x N C Qo 50
Obsd. Cald.Eq{3.2.1k)

1 CON(C,Hg), -0.1235 0.2726 -0.3186  5.276 5.281
2  CONHCH, -0.2747 0.2807 -0.3170  L.458 bo25
3 CON{(CH3), -0.1185 0.2731 -0.3185  L4.664 b +840
L  CUN(CHz) (C,Hg) -0.1210 0.2728 -0.3186  5.009 b o847
5 CO-N-pyrrolidyl -0.1240 0.2725 -0.3186  5.11k b 877
6 CO-N-piperidyl -0.1240 0.2665 -0.3186 5.495 5.477
7  CO-Nemorpholinyl -0.1200 0.2729 -0.3185  4.590 L+ 860

* Reference 2.

a Net (+7) charge on amide nitrogen.
b Net (s+7) charge on carbonyl carbon.

¢ Net (+7) charge on carbonyl oxygen.

€9



plsg = 3.516 Qy + 5.kk9
ns= 7’ r=- 00529, 8 = 0.357’ F1’5 L 1.9“ (3.2016)

plsy = - 396.573 QT - 121.303
ns= 7’ re- 0-613' 8 " 0'333) F1,5 - 3001 (302017)

However, comtrary to the expectation that inhibitéry
power should increase 2s the posit ive charge at carbonyl
carbon increases, egse (3.2.1k4) and (3.2.15) both show
that as the positive charge at this atom increases, plsg
decreases implying that the inhibition activity decreases.
It means that the attacking gsite of the enzyme also

s the net positive charge so as to experience the

possesse

repulsion from the carbonyl carbon and attack at the

negatively charged carbonyl oxygen.

with all these conflicting cbnclusions, it appears
to be safe to assume that in these amide inhibitors, the

polarity of the bonds of CONH, group, which can be egti-
mated by the group moment, is responsible for the enzyme

inhibition.

Conclusgion:
From these QSAR studies and those made in the past,

we find that in cholinesterase inhibition, there is, in
general, & nueleophilic attack by a particular site of

enzyme at a particular gite of the inhibitors. In the
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inhibitors either a single atom or a complete group of
atoms may be involved in the enzyme inhibitéon. If a
single atom is involved, then its charge may be the
controlling factor,otherwise,if a group is involved,
the group moment may be responsible for the inhibition.
In all types of cholinesterase inhibition reactions,a
particular bond of the inhibitor is broken and new one

formed between the inhibitor and the enzyme as shown

by eq. (3.2.1). Further, the formation of intermediate

complex in this process may involve sometimes a charge

transfer phenomsnol.

3.3, ,Malate Dehydrogendse (MDH) Inhibitors: 7-substi-

tuted

k-hydroxyquinqline-B-carboxylic Acids:

Recently Shah and Coatszg synthesised a series

of 7-substituted h-hydroxyqu1noline-3-carboxylic acids

(Table 3.5) as inhi
evaluated their abilit

Ehrlich ascites cells as a whole ¢
enase (MDH) as an intracellular target enzyme

pitors of cellular respiration and
y to inhibit the respiration of

ell model and malagte-

dehydrog

mcdel. These authors then tried to correlate the bio-
logical data with physico-chemical parameters such as
etc. Every meaningful combination of

Ty MRy o s Ty
with squared and cross product terms

these paramet ers
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TABLE 3.5 VAN DER WAALS VOLUME AND CELLULAR RESPIRATION

INIHIBITION ACTIVITIES OF 7-SUBSTITUTED
L, ~-HYDROXYQU INOLINE-3-CARBOXYLIC ACIDS.

OH
X~ ¢ ooH
R N//'
sl Vﬁa pIsg(Ascites) P15, (MDH)
No. R (102 43) Obsd& Gald Eq. Obsd® Cald E
(3.3.51" (3.3.6)"

1 H 1,486 2.98 3.28 b 2.28
2 c1l 1.651 3.8, 3.01 bl 2.67
3 F 1.532 330 3419 1.98  2.39
i,  OCH, 1.721 3.28 2.93 b 2.83
5 COCH3 1.815 3.10  2.87 3.0 3.05
6  N(CHy), 1909 333  2.86 332 3.y
7 OCHCgHs 2:415 Lhebt Lek2 Eik9  hihk
§  OCHCgH3=3,k=Cly 2:742 ko882 k.80 532 5.21
9 NO, 1.673 3.2 2.98 2.72 2.72
10 GONH, 1.760 2.2k  2.90 3.18 2.92
41  GOOH 1.729 242 2.92 2,97 2.85
12 S0,CH3 1.946 2.75 2.87 3.18  3.35
43 i1 o OH 1554 3.0 3.15 334 2ekk
1 S0,NH, 1.883 2.47 2.86 3.02  3.21
15 503 1.825 2.88 2.87 2.67 3.07

a gaken from ref. 29
b omitted from the

correlations due to the lack of estimate.
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were examined with egs. (3.3¢1 - 3.3.4) surfacing as

the most significant correlations.

pIlsgp (ascites) = 0ul6 (* 0.11)T+ 3.22 (% 0.16)
ne= 1[” r = 0.933, s = 0,280 (303.1)

pIso (ascites) = 0.b5 (£0.29)IR + 2.68 (£0.47)
ne 1, r= 0,699, s = 0.554 (3.3.2)

plsy (MDH) = 0.26 (+0,22) T+ 3.31 (£0.45)
ne=13, r = 0,604, s = 0.716 (3.3.3)

plso (MDH) = 0.70 (#0.17)MR + 2.29 (%0.30)
n=13, r=0.939, s =031 (3.3.4)

In these equations, I50 is the concentration of the

compound causing 50 percent inhibition.

Among these four equations, eqs. (3+3.1) and
(3.3.4) are the most gignificant. Thus Shah and Coats
found the Ascites cell inhibition activity to bs signi-
ficantly sorrelaved with the hydrophobic constant, 77,
and the MPH inhibition to be significantly correlated with
the molar refractivity, M, Thus two mutually related
inhibition activities, both equally responsible for cellu-

lar respiration, are found to be gorrelated with tio

entirely different parameters. Therefore, the correlations

obtained by Shah and Coats (eqse 3.3¢1 and 3.3.4) can not be
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successfully utilized for the drug design as it is not
necessary that a substituent which will increase the
molar refractivity of the compound will also increase
its hydrophobicity. Hence, it becomes necessary to
find a single parameter with which both inhibition

activities may be significantly correlated.

As the van der Waals volume (Vw), which deter-
mines the molecular size of the compounds, has been
found to be significantly correlated with the hydro-
phobic behaviour of drug molecules and various biclogical
activities of drugs (section 2.2(a)), attempts were made

to analyse the correlation between the respiratory
inhibition and Vw.

The regression analysis with the use of data as

given in Table 3,5 is found to afford significant corre-

lations betwe
inhibitors and Vwe

by eqe (3-3-5): is
tion and a linear correlation,as shown by eq. (3:3.874

en the inhibition activities of respiratory
A parabolic correlation, as shown

found in case of ascites cell inhibi-

in case of ¥DH inkibition.

ascites) = 2.0k Vw? = 9.983 Vw + 12.280

pls0 (
g2, s== Obh2, F2 42 = 12.67 (3.3.5)

n-15.!“'°-

plgg (MDH) = 232 Vw = 1171
o 43, r = 0,925, 8 = 0:3k1, Fy qq = 6555 {3.3.6)



In both these equations, the F values are significant

at 99% level (Fp 45 (0.01) = 6.93; Fy 44 (0.01) = 9.65).
Further, the inhibition activity values reproduced

from these equations are found to be in good agreement
with the experimental ones (Table 3.5). Thus both the
inhibition activities are found to be significantly
correlated, though in different manners, with a single

parameter, Vw.

From eqs. (3.3.5) and (3.3.6), it is evident
that molecular size plays an important pole in the inhi-
bition of cell respiration, and ascites cell as well as
MDH inhibitions both would depend upon this. The corre-
. lation of both inhibition activities with a single para-
meter, Vw, is quite relevant as in addition to the
hydrophobic behaviour of the molecules being shown to
be correlated with Vw, the molar refractivity30s31 pag

also been pointed out to be parallel to Vwe

3.4, Carbonic Anhydrase Inhibitors: Sulfonamides:

The carbonic anhydrase (CA) is an e#tremely
efficient catalyst of reversible hydration of carbon-
dioxide and plays an important role iIn the regpiration
as well as in other physiological and pharmacological

processes such as diuresis3?=3k, Aromatie sulfonamides
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are specific inhibitors of this enzyme and unsubsti-
tuted -S0, NH, group is required for inhibition. Any
N-sulfamyl substitution leads to a greatly reduced or
abolished inhibitory power. This class of inhibitors

is of immense importance in studies related to physio-
logical and pharmacological functions of the enzyme. A
large number of sulfonamides have been studied amd their
inhibition activity reported3®. A few structure-activity
studies36-37 have shown that the inhibition activity

of sulfonamides wiil depend upon the electronic proper-
ties of the sulfamyl group, as it was found to be
correlated with various electronic parameters, such asg
the Hammett o~ value, NMR chemical shift of the sulf-
amyl protons, pKa36, and nitrogen = 14 nuclear quadru-

pole resonance (NQR) data37,

Spectroscopic studies3® provide evidence that
anionic form (-Sﬁ; NH™) of sulfamyl group is bound to
the Zn® ion of the enzyme. On this basis it has been
suggested that sulfonamides mimicbicarbonate ion in the
transition state (Fig. 3.1) and hence are potent inhi-
bitors. All these studies have been mainly concerned
with the -850, NH2 and 72n?* ion interactions and throw
very little light on the rest of thefolecular structure
and its relation to the binding mechanism. The X-ray

studies32, however, provide evidence for other secondary
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binding sites in the sulfonamides - CA complexes. But
it remains to be established what is the nature of, and
the active site in enzyme for, the secondary binding.
Since the size of the molecules is supposed to play an
important role in the binding, we considered it worth-
while to make a study of correlation of inhibitory
power of sulfonamide inhibitors with their Vw. This
study may indirectly help map the active sites of the

enzyme and find the nature of secondary binding.

Results and Discussions:

The sulfonamides treated are listed in Table

3.6 along with the values of their inhibition constants

K1 at two different temperatures, which were obtained

by Kakeya et al3? from the percentage of enzyme inhibi-

tion (i) measured by them, using the formula39,40,

I 1
<> - Kpq=g + 1E (3ek1)

where Io and E are the concentrations of inhibitor and

enzyme respectively.

Sigma Chemical 00-35
le 3.6 are only for the substituents in the sulfo-

The enzyme used was purchased from

The calculated Vw values listed

in Tab

namides.



TABLE 3.6. CARBONIC ANHYDRASE INHIBITION CONSTANTS AND
Vw VALUES FOR SULFONAMIDES.

R

. (1ogw33) clugs- = Iy

» 29C 15%¢
1 H 0.056 0.000 0.215 0.12,
2 p-NH, 0.177 =1.137  =0.363 -0.398
3 p-Cl 0.2k 0.531 0.721 0.959
b p-CHy 0.245 0.505 0.420 0.496
5 p~CN 0.268 =0.083 0.959 1.187
6 p-Br 0.287 1.053 0.921 0.959
7 p-NO» 0.287 0.328 1.0,6  1.260
8 p-CH30 0.304 0.163 0.347 0.301
9  p-GHaNH 0.339  =0.231  =0.176 -0.046
10 p-CH3C0 0.420 -0.105 0.959 0.886
11 m,p-diCl 0.488 1. 134 1.400 1.522
12 m=NOy-p-Cl 0.531  1.603 1.769  1.602
13 m-CF3=-p-N02 0.670 1.420 1.854 1.658
1 m-C1 0.244  0.981 0.638 0.921
o5 . . s 0.245  0.540 0.301 0.223
V. N0 0.287 0.242 0.886 1.125

a gaken from ref. 36.

b Ky is in unit of 10'5M; taken from ref. 36.
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The regression analysis with the use of all

sixteen data points reveals the following equations

correlating log 1/K1 with Vw.

log 1/K1 (0.2°) = 3.261 Vw - 0.29
n= 16’ r = 0,77&, s = 0.#07, F1’1h = 20.86 (3.#.2)

log 1/K1 (15°) = 2.880 Vw = 0.118
ns= 16’ P - 0'686’ 8 = O.h65’ F1’1h - 120#6 (3.&.3’

Though egs. (3.4.2) and (3.4.3) do not show any signifi-

cant correlation, the effect of substituents! size on

CA inhibition is manifested. A more fruitful discussion

will follow when we treat para - and meta - substituted
analogs separatelye.

In Kakeya et al's studles3®, the other property

that was found, in addition to electronic characteristic

of sulfamyl group, to influence the binding of sulfona-

mides with CA, was the hydrophobic character of molecules.

The hydrophobicit
with log 1/K1 as shown by egse (3eliek = BilesT) s

y congtant was found to be correlated

log 1/Ky (0.2°) = 0,509 7 + 0.32k
n = 16, r = 0462, 8 = 0:361 (3bets)
log 1/K1 (0.2°) = 0,702 77 + 0.439

D 16, T = 0:789, s = 0.435 (3.4.5)



log 1/K1 (15°) = 0.494 7.+ 0.329
ne=16, r = 0.450, s = 0.621 (3.4.6)

log 1/K1 (15°) = 0.670 77+ 0.508
n-= 16, : r A 0.758’ 8= 0."-62 (3.1“.7)

where 77 and 77, represent hydrophobicities measured from

the partition coefficients determined in n-octanol-water
and chloroform-water systems respectively. Only 7 was
found to have some correlation but not 7. . However, if
it is assumed that it is the hydrophobicity of the mole-
cules that 1is responsible for the secondary binding of
sulfonamide with CA, one can argue that molecular size

effects the binding through the change in this property

of the compoundse Hydrophobicity of a series of a polar

molecules, in fact, has been shown*1 to be related with

but for polar molecul
e-gsolvent interactions also play

Vur, es this relation is not certain,

as in thelr case solut

very important roles. In the very present case, the 77

is not found to be related with Vy at all (eq. 3.4.8).

Te 2,896 Vw = 0.488
ns= 16, r = 0.610, 8 = 0-573; F1.14 = 8,31 (3.h.3’

Therefore, Some jndependent role of molecular size in

sulfonamide = CA intera
ons are gathered

ge are analysed separ

ction must be expected. Further,

informati when para - and meta - gubsti-

tuted analo

ately.
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For the para = substituted sulfonamides inclu-
ding the p, m-disubstituted analogs and the paremt one
(1-=13), the correlations obtained are as shown by
eqs. (3.4.9) end (3.4.10), and for meta substituted
derivatives which agein include the p, m - disubstituted
analogs and the parent one (1, 11 = 16), they are as
shown by eqs. (3eke11) and (3.4.12),

log 1/K1 (0.2°) = 3.278 Vw = 0.313
n = 13, r = 0.737, s = 0ubl7, Fq g = 16.72  (3.4.9)

log 1/K1 (15°) = 1.203 Vw + 0.25h
a & 43, 7 = 0.350,78 « 0u3Ws Ty qq = TR (3¢4.10)

log 1/K1 (0.2°) = 3,069 Vw - 0,09

B X ¥ w 0.958, s = 0.211, F1,5 = +56434 (3.’11'011)

log 1/Kp (15°) = 2.741 T * 0.038
g =Ty 7o 0902, 5 =000 Ty 5 s R1:85 (3.4.12)

Now as obvious, the correlation between inhibition acti-
and Vw for para substituted analogs are of little

 vities

gignificance,
meta substitut
etween them for ed ones. However,

put there exist highly significant corre-

lations b
to bear no correlation here in any case with

T is found

the activity (egse 3sbs13 = 3eks16)s
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log 1/Kg (0.2°) = 0.978 T+ 0.686
n= 13, r = 0-656a s = 0.535, F1’5 = 8.32 (3-#-13’

log 1/Kx (15°) = 0,647 T+ 0.595
n= 13, rm= 0.533' 8 = 0.#88, F1’15 = h,;? (3°ht1k)

log 1/K1 (0.2°) = 0.1377 + 0.952
ne= 7. r s 0.067. 8 = 007373 F1’5 - 0002 ‘3.‘!—015)

log K (15%) = 0.260 T + 0,917
ne= 7, rs= 0.13“: s = 0.695: F1'5 = 0.09 ‘3-“-16)

And also there exists practically no correlation between

77 and Vw in any case (eqse 3eke17 and 3.4.18),

T = 1.099 VW - 002'"0
n= 13' rs=- 0.388’ 8 = 001’38’ F1’11 - 1.95 (3.1.,.17)

Tr- 0.212 vw + 0'3"'
ne7, r=0.136, 5= 0358, F, .5 = 0.09 (3.4.18)

The pictﬁre that emerges from the above analysis
i1s that meta substituted sulfonamides have a highly
complimentary binding site and that their interaction
with secondary binding site of CA will depend upon the
gize of the meta substituenv. As shown in Fig. 3.2, the
primary active gite of the enzyme molecule consists of a

7n?* ion with three ligands from protein, all of which are



78

(2]
AR e TR b AR

35

Fig. 3.2. A representative diagram of sulfonamide and its binding

to carbonic anhydrase.
ting with.meta subst ituent of sulfonamide.

X denotes the amino acid residue

in enzyme anterac
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histidyl residues32. The fourth ligand is either water
molecule or hydroxyl ion. The zine coordination is dis-
torted-tetrahedral. The active site 1s situated in deep
pocket leading imto the centre of the molecule. The depth
of this active site should be good enough to accommodate
all the sulfonamides studied, and the inhibitors may lie
well within the enzyme molecule. A good correlation
between Vw and inhibition activity in case of meta -
substituted analogs indicates that meta group comes in
the vieinity of some amino acid residue near the primary
e site and jnteracts with it. The interaction may
ous types but since in this case, it is found

activ

be of vari
pon the molecular size, and not on 7w , it is

to depend u
of van der Waals type (ef. Appendix A).

assumed to be

Therefore, the inference that one can draw from

the present studies is that the presence of certain
neighbourhood of the primary active site

residues in the
ce in CA inhibition by meta substi-

is of immense importan
tuted sulfonamides.
The lone p-subst ituted analogs may not be able
ract with the gecondary binding site, as the
nts in them may not be able to orient them-
ds that site (Figs 3.2). They therefore

to inte
subsgtitue
selves tovar

would be exe
the electronic

rting their 4nhibitory effect through only
influence of the subgt ituent s.
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3.5. ATPase Inhibitors: Unsaturated Acylphenoxyacetic

Acids:

Unsaturated aeylphenoxyacetic acids (APAAs) of gene-
ral structure (I) have been found to act as diureticgh?2-k5,
The diuretic activity of these acids is sald to be associa-
ted w:uéh the presence of an <, P -unsaturated ketonic moiety
(-9-?-&-) in these molecules. In has been proposed that
unsaturated APAAs act, like organic mercurials, by binding
with renal sulfhydryl containing enzyme (Adenosine triphos-
phatase, ATPase, of the tubular membrane) through olefinic
bond present in the unsaturated ketonic molety¥2:46, Hovever
sufficient ATPase inhibition data for these compounds are
not available. But ATPase inhibition leading to diuretic
action would be a function of the ability of APAAs to react
with the enzyme's sulfhydryl group or for that matter with
any compound containing a sulfhydryl group in 'in vitro'
system and therefore should be related with the parameter
with which sulfhydryl reactivity of APAAs, in genmeral, is

found to be related. An unsaturated APAA will regct with

nd containing Slllfhydry]_ group as:

any compou
I
cﬂacﬂzﬁ - B AP ocnz.cgon + RSH —> (3.5.1)
HC |
2 -n - = =1 ()
GHBGHZ?H C - Ar - 0 ~ CH,.COOH
CH,SR

Since the group RS~ is a mucleophile, this chemical reac-

tion (eq. 3,5.1) will depend upon the electrophilic nature



CH5CHp C*—CO
I
H, C P

(1)

OCH2 COOH
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of the C- B atom which is influenced by the electroniec
character of substituents in the phenyl ring. Since
the latter can be measured by the Hammett constant o,
the sulfhydryl reactivity can be expected to be rela-
ted withos, otherwise, this can be directly correlated
with the net positive charge on C-P atom at which the
nucleophile RS™ will attack. The charge at C-P, Q-pB,
can be ealculated by applying any quantum chemical

method. Presently both parameters, o~ as well as Q=P

are attempted.

The compounds treated are listed in Table 3.7.
Their sulfhydryl reactivities towards two different
systems, mercaptoacetic acid (MAC) and cysteine, in
terms of time in minutes for ome half reaction, are
also 1isted alongwith them. Table 3.7 also lists o
and Q-B. Q-P was obtained by calculating sigma - and
pi-charges separately using Del Re7 and HM48 methods
The parameters used were those as given

respectively.
in II..’u:oarén:uz'es’*6 W47, The source for o is given below

Table 3070

Results and Discussion:
The sulfhydryl reactivities of APAAs towards MAC

and cysteine both are found to be satisfactorily related

with o and Q=F as shown by eqs. (3.5.2 = 3.5.5).
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TABLE 3.7 ELECTRONIC

PARAMETERS AND SULFHYDRYL REACTIVITY OF <, B-UNSATURATED ACYLPHENOXY ACETIC ACIDS (I).

Sulfhydryl reactivity

log T
%gx?pd. R S _& Q-B 3 MAC® € %/ - Cysteine®
Obsd? Cald.eq. Cald.egqe Obsd: Cald.eq. Cald.eq.

(3.5.2? (3.5.3? (3.5.4) (3.5.5)

1 H 0.00 0.1205 1,95, 1.602 1517 1.255  O.74L 0.676
2 3-C1 0.23 0.1226 0.845 1.357 1.148 0.176 0.427 0.247
3  3-CHy -0.07 0.1195 1.681 1.676  1.692 0.845 0.840 0.880
b 2=C1 0.37 0.1205 1431 1.208 1517 - 0.235 0.676
5 2-CHq -0.07 0.1205 1.954 1.676 1.517 1.041 0.840 0.676
) 2,3-diCl 0.60 0.1226 0.778 0.962 1.148 -0.097 -0.082 0.247
7  2,3-diCHj -0 1k 0.1195 1.653  1.751 1.692 0.7,0 0.937 0.880
8 3,6=diCl 0.60 0.1226 0.778 0.962 1.148 - -0.082 0.248
9 2,6-diCl 0.7k 0.1215 1.342 0.813 131 - -0.275 0.472
10 3,5=-diCl O.46 0.1266 0.778 1.112 AN - 0.111 -0.569
1 3,5-diCHy =0, 14 0.1185 - 1.751 1.868 0.954, 0.937 1.085
12 3,6-diCHj -0, 14 0.1195 1.763  1.751 1.692 0.875 0.937 0.880
13 2,3,5-triCH; -0.21 0.1185 1.863 1.826 1.868 0.875 1.033 1.085
1% 2,3,5,6-tetraCHs -0,28 0.1185 1.778  1.900 1.868 1.079 1.130 1.085

2 with respect to position 4, taken from C. Hansch and E.W. Deutsch, Biochim. Biophys. Acta., 126, 117
(1966) ; b equimolar MAC in pH 6.5 phosphate buffer at room temperature“; ¢ two molar equivalents of

cysteine in phosphate buffer at pH 7.1 at room temperature‘*5;

taken from reference 45.
(@ ]
Cad
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log T4(MAC) = 1.602 - 1.066 5
n=13, r=0.79, s = 0.301, Fq 49 = 18.84 (3.5.2)

log Ty(MAC) = 22.66k - 175.496 Q- P
n =13, r = 0.821, s = 0.283, Fq 44 = 22.81 (345.3)

log T%(cysteine) - 0.744 = 1.377c

ne= 10. r = 0.850g s = 00293’ F1,8 oo 22.88 (3.5.#)
log T%(cysteine) - 25.282 = 2044195 Q-F
ne= 10, r = 0.756, s = 0.290, F1,8 = 10.65 (3.5.5)

In eqs. (3.5.2 = 3.5.4), F 1s significant at 99% level

01) = 9.65; Fq,8(0.01) = 11.26), but in eq.

(Fy, (0.
3
cant only at 95% level (F1,8(0-°5) b,

(3.5.5) it is signifi

5.32) ¢

s discussed earlier APAAs are supposed to exert

retic action~tbrough selective reaction with func-

their diu
ortant sulfhydryl groups and these unsaturated

tionally imp
will add sulfhyd

cid has been shown t
ob9,50, gur guantum chemical studies thus

v support the propo
,ith renal sulfhydryl containing

sent in the unsaturated

ryl at the double bond. In fact

compounds
o react with sulfhydryl
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group in viv
sed mechanism that

quantitativel
pinding
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activating substituents
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bhele Cardiovascular Agents:

Cardiovascular diseases occupy first place as

causa mortis in civilized countries. This group of

art diseases and diseases of

digeases is comprised of he

blood vessels and 1ymphaticse
e drugs chiefly used

diseases, th
arrhythmics, and antihypartenaive
nt of diseases of blood vessels and

In the treatment of heart
are cardiotonics, anti-

g including diuretics.

For the treatme
measures taken are < surgery, and

lymphatics, the
antihypertensive agents

administration of vas
cholesteroleMi

odilators,

c agentse In the present section

and hypo
made discussion onm some diuretics

of this Chapte® ™ s

and vasodilatorso
ed often improperly as subs~-

In the clinical

retion of
relief

of edema an lood

gion. A diuretic a

volume, which



and translocation of body scdium and extracellular fluid,
in addition to diuretic effect?. Adaptation of body
systems to this sodium depletion results in a decrease
of the peripheral vascular resistancel!, although the
exact mechanism for this gradual adaptation remains a
mystery. Diuretics are used alone with success in mild
hypertensive states, but their great utility resides in
their ability to potentiate the hypotensive activity of

several other antihypertensive agents3.

Unsaturated acylphenoxyacetic acids have Been
shown to act as diuretics through the inhibition of
ATPase enzyme of the renal tubular membrane. The inhi-
bition of ATPase by these acids dependsupon their ability
to react with sulfhydryl group of the engyme. This
activity of a series of unsaturated acylphenoxyacetiec
acids has already been analyzed in relation to their

electronic structure in Chapter III (see. 3.5).

Aromatic sulfonamides exhibit their diuretic

effect through the inhibition of carboniec anhydrase

Their inhibition activity has also been

engyme .
3.4) in relation te the

analyzed in Chapter III (sec.
molecular size.

Vasodilators are agents that increase blood flow.

They are divided into ecoronary vasodilators and peripheral
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vasodilators. The first ones are used for relief of

pain in angina pectoris attacks, while second ones are
useful in peripheral vasoconstrictive conditions. The
adenosine (I) and its analogs have been recognized for

ng time as vasodilatorsk and are supposed to cause

a lo
5’6- Adenosine it-

the dilation of peripheral vessels

self is suggested to be a physiological mediator of

vasodilation? but its observed effects, in all cases,

are of very short duration due to the rapid metabolism \

of nucleoside to inosgine

corresponding micleot ide.

-carboxylic
ar agents that caused a marked

8 or phosphorylation to the
A series of esters and amides

of adenosine -51 acids were recently reported
to be potent cardiovascul

ease in coronary sinus oxygen tension and prolonged

iner
These compounds are supposed to act

hypotension9’1°.

directly at an adenosine receptor.

attempt tO investigate the vagsodilator

In an
analogs further, Gangjee et al11

activities of adenosine
d a diverse series of adenosine ana-

recently syntbesise
gtudied their peripheral activity
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sugar moiety, and a modification in the imidazole ring

Systemo

However, none of the compounds synthesized by
these authors was found to possess the potency greater
than adenosine (the observed potency in Table 4.1 is re-
lative to adenosine). In order to have more potent drug
it becomes, therefore, essential to rationalize the

process of structural modifications. This can be done
in the simplest way by enalysing the relationship of

the activity with well known physicochemical parameters

like T , MR,07) ER, sTetc., or with molecular parameters

1ike X and Vw. DBecause of the lack of estimate of

physicochemical parameters at present for these compounds,

it was proposed to find the correlation of the activity

with X and Vw.

Le1s(a) Molecular Connectivity:?

The molecular commectivity index, X, signifies

thé degree of branching or connectivity in a meclecule

and is derived from the mumerical extent of branching

or connectivity in the mclecular skeleton'?, Kier

et 2l have shown that this index can be correlated

with several physicochemical and biological properties

of the mcleculesfz. The connectivity index has several

The simplest as well as extended versions in

versionse.
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am
it (X) all are calculated from a hydrogen suppressed
graph of the molecule. The simplest version designated
3317( and known as first-order term in X is computed
12,13 ¢

by,
s A
o1e1

where the sum is over all connections or edges in the

hydrogen suppressed graphs, and Siand §j, are number

assigned to each atom reflecting the number of atoms

adjacent or connected to atoms i and j, which are

formally bonded.
dered in the calculation.

The nature of the atoms is not consi-

To aceount for the nature and unsaturation of the

bonds in X,Hall and Kieri#s15 proposed the valence mole-

b
cular connectivity (X") where the atom connectivity

sV, is defined as

% iz Vb
S+ 3 : (ho1.2)

term,

in which Zi”represents the number of valence electrons

of atom i, and hy th

Thus the use of 8V permit
17(", by the expression:

e number of hydrogen attached to it.
s the calculation of valence

term of the first-order,

1 1 1
sl ) (heto3)

pl



Using eqe (ke1+2) the §Vyalues for oxygen and nitrogen

in several variations of bonding can be calculated; thus

for oxygen in alcohols and ethers, SVvalues are 5 and

6 respectively, and for nitrogen in primary amines and

pyridine, they are 3 and 5 respectively. Since halogen

atoms have an jdentical number of valence electrons, this

deseription yields identical values of sV. It was there-

fore necessary to0 derive empirical values of §Vfor the

halogens DY calibrating them to a physical property.

The molar refraction was chosen for this assignment¥,

The S values for some heteroatoms including halogens

are given in Table 42

An extended term of X of the order > A is computed

4
PR= E:(Sigfgh)z

e atoms bonded in sequence or in a

from:

where 1, J» and k ar

and the sum is ove
extended terms of K »

r all distinct sets of two-edge

path, e
X,&a are

pathss In general,

r linear paths, P of m bonds by;

computed fo L

ke 7 el (Rl (hele5)

s=1

e —

99
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TABLE k4.2: VALENCE DELTA (8”) VALUES FOR HETERCATOMS®

Group & Group gV
NHp 3 OH 5
NH L 0 ‘
N 5 C=0 6
C=N 5 Furan O é
¢ - Mi b 0= NO 6
Pyridine N 5 Ha0 4
Nitro N 6 1130+ 3
i > ¥ (=)20
NH, 1 C1 0.690
ST 6 Br o, k5h
- NHp 3 = 0.085

= Taken from reference 12.
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g describing nonlinear arrangements of bonds
and circuits (or

Term

such as clusters of three bonds, > X s

chains) of six atoms, 6Xcu, are computed in the same

way12, 16.

In the present problem the simplest but more mea
ong with Vw.

ningful index 14V was tried al

d Discussion:

lho1e(b) Egggggsion Analysis an
iy’ and Vw values were
s (R) of adenosine analo
nd those for

The ealeculated for only

group subst ituent

gs and are

listed in Table kel Using these data a

the regres

gion analyses were performed; and

activity,
11 the attempt s,

the most gignificant correlation

in a
(beteb)e

that surfaced was as given by eaqe

ae 16, 7" 0.773, 8 ° 0-399: F3,12 © 5.93 (he1:6)

The F value in €d° (Lo1.6) 18 significant at 95% level

(F3 12(0.05) = 3. 49) s and the ac
from this equati o be in good agreement

with the observed from the value of

tivity yvalues reproduced

on were found b

oOness
lation expressed by

y gignificant. None-
drawn from it.

ient the corre

e said to be ver
can be

correlation coeffic
L.1.6) can not b
some fruitfu

OQ.‘
theless,

1 concluaions
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atter of fact it does indicate that molecular si
size

play some important rol
The linear dependence on Vw

14XV of the activity show
nd 11V will lead to an

As a m
and shape
activity of

and the parabo
that an increaseé

e in the vasodilator

the moleculess
lic dependence on

in either of Vw a

gince Vw and X both have been

A valuee
early related wit

plausible to as

on the hydrophobi
Hence an €

increase in the P
17 ¢o be lin

it would be

h hydrophobicity

shown12»
gume that the acti-

congtant,
hould depend UP
y of the molec

city or lipid

vity s
stimate of their

gsolubilit

ulese
oefficient (P) or hydrophobicit
ationalizing the

at helP inr
e fruitfully. Presently eq.

o have 2 rough €

y constant ()

partition ¢
process of

may be of gre
jection mor

swwummse

The ana g hetic
has been ghown ali‘ba‘bively to be correlated s
other yith poiling ynt; and in some gystems the poiling
others
11 eorrelated with
so be fairly e
on 10 d
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molecular comnectivity (X)12’1h’19. In this section we
have analyzed the direct correlation of anaesthetic potency
olecular comnectivity, and with boiling point. The

with m
e boiling point were taken from the literature 18

data for th
ivity index was calculated by the procedure

and the connect
) of this Chapter.

as described in section Lelela

Results and Discussions:

The connectivity index used 1s 1%V, and its caleu-
lated values for 45 halogenated hydrocarbons are listed

Along with them are also listed the anaes-

in T&ble lfojo
(the vapor concentration at which

thetic potency, AD 50
504 of the mice are i position after
30 minutes exposure to
(B.P.) of the compoundse.

ig found to be corre

n the side or prone
the anaesthetic), and boiling point

By regression analysis the
jated with XV as:

loggAD50
loggAD50 = ~1.670 1XV + 3.259
R 0.753, 8 = 0.80% Fy,b3 ® 56.35 (he261)

and with boiling_yoint as?

P, + 2.337

g = 0.555, Fq,k3 " 168.32 (he2e2)

log.AD5o w «0:03% B.

5’ ot Oosgzl

ne=kh
to be correlated

itself is found
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TABLE 4 .3: MOLECULAR CONNECTIVITY ('XV), BOILING POINT AND
OBSERVED AND CALCULATED ANAESTHETIC POTENCIES OF
HALOGENATED HYDROCARBONS.

S.  Compound XY B,Pt log.ADsg
" ("6} Oned® Gald eq. Cald eg.
(ho2e1) (ho2.2
1 CHClp 1,703 40 049 Ouk2  0.93
2 CHFClz 1,261 9 1.12 1.15 2.02
3 CHFCIBr 112 38 0.18  0.40  1.00
L, CHFoCH,Cl 1.000 36 0,77 159 1.07
5 CHFCHBr 1.553 o7 0,26  0.67  0.34
6 CHFCI1CHFCl 1.465 60 =0.60 0.81 0.23
7  CHFpC1 0.437  =h1 3.02  2.53  3.77
8 CHF,CF,CHC 1.012  5h 0.18  1.57  O.b4
9  CHF,CF,CHBr 1.563 Th  =0.63  0.65 -0.26
10  CHF,CFpCHC1Br 1,936 99  =1.66  0.03 -1.13
11 CFaC1CHZCl 1.583 47 0.25 0.62  0.69
12 CF,C1CHgBr 2.135 68 «0,22 =0.31 =0.05
13  CF BrCH,Cl 1.973 71 -0.29 0.0, -0.15
14  CFoC1CHFC1l 1.233 30 1. 10 1.20 129
15 CF,CHCl, 1.343 2k 0.87  1.02  1.50
16  CFaClCHFBr 1.683 52 0.18  0.45  0.51
17  CFzBrCHFCl 1,623 53 0.11 0.55  0.48
18 CF,CHBrCl 1,79, 52  <0.16  0.26  0.51
19  CF BrCHIBr 2,07 76 =03 0. 20 -0.33
20 CF4CHBrp 2.24 73 =0.63 -0.49 =0.22

GOMd- e
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with XV as:
BoPo = 45.716 XY « 23.275
A= k5, r*= 0.810, 8 = 180368n F-'"’B = 81.98 ‘40203)

Eqse (421 - L.2.3), show fairly good correlations
between the variables, and in all of them F value is

gignificant at 99% level (F1’k3(0-°1) = 7.25).

However from the practical point of view, the
correlation between the activity and comectivity is
1ittle less satisfactory (loggADsp values calculated
from eqs (ke2.2) are in better agreement with the
observed ones then those calculated from eqge (L.2.1);
Table 4«3

by multipl

)and our attempt to improve this correlation
e regression analysis using square and in-

verse of the 1XV values has been unsuccessful. Further \

there was no basis to assume that it will be improved

by the use of higher terms in .
AR studie320321,

As a matter of fact

X has a very limited scope in S

Dinitrophenols and Alkylthiocyanates:

ll- 03 B Insec‘bicides=
22,23 and alkylthiocyanataszzsih
ecticides. The dini-
nhibiting the oxi-

Dinitrophenols

have been found toO be useful as ins

trophenols exert their activity by 1
dative phosphorylation in musele tissues of insects.

Likewise thioec

yanates have rapid paralytic action to
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insects. The activities of dinitrophenols and thiocya-
nates both vary as the alkyl chain length varies. (Tables
Lo and h.5). However to provide an effeective rationali-
zation to drug-design, the quantitative picture of struc-
ture-activity relationship is essential. The change in

alkyl chain length can be accounted for by the change in

the van der Waals volume (Vw) of the molecule. Conside-

ration of Vw, rather than the chain length or the number

of carbon atoms as such, ig essential as to acecount for

the effect of a cyclic substituent in place of a normal

chain with same number of carbon atoms.

Vw values for substituents in dinitrophenol and

thiocyanate are calculated and listed in respective

Tables. The plots
log LCg of thiocyanates Vver
in Figs. k.1 and L2, Almost a straight line is observed
upto the first 5 compounds in Fige. ko1 beyond that, the

trace changes and becomes parabolic. Conse-

lye3+1) obtained by

of log ED50 of dinitrophenocls and

sus Vw are shown respectively

nature of the
1inear correlation (eqe

quently, the ‘
alysis is found to be less significant

the regression an

than the parabolic one (eqe he3e2)8

e 1.Th1 = 0.914 Vw

836. s " 0.20‘}’ F".s » 18.55 ‘1}03.1)

n"10,r"0-
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TABLE Lo4- Vw AND TOXICITY* OF DINITROPHENOLS(2,4-)

S—

Compd. Substituent in ring Vw log LDsg (ng/g)
Noe (5 position) (102 x3) 50 Pg/g
Obsad. Cald. eq.
(4o3.2)
1 CHj 0,245 1.690 1.768

0.399 1.462  1.428

2 CoHg
3 C3Hy 0.553 1255 1.158
L 6, Ho 0,707 0.954 0.959
5 cyelo=CsHg 0.757 0.954 0.910
6 GsHyq 0.861 0.903 0.832
. eyelo-CeHqq 0,911 0.845 0.805
8 CeH13 0.973 0.602 0.783
9 Gy 1.127 0,602 0.778
10281 1.000 0.843

10 Cgllq7

ar silk worm Bombyx mori larva?2,23,

% To 5th inst



T ABLE L. 5:Vw AND TOXICITY™ OF ALKYL THIOCYANATES.

ompd. Comound (D) e aieo
(bo3k

1 CgHyq3SCN 1.395 2.921  2.897

2 CgHq7SCH 1.703 2,602  2.658

3 G40z SON 2,011 2553 2526

4 012325scn 2.319 2.522 2.501

5 C 41, H295CN 2,627 2,568 2.582

6 ¢ 16H335CT 203k 2769 2769

22,2k,

% To green chrysa

nthemum aphid

109



Log LDso (Pg/s) s Yo

1.8 |

1-6f—

146

Y320k

1.0

08—

0.6

0.4 |—

0.2

@® e

110

| | I ’ LAl 1l i J
0.0 0.4 0.8 1.2
Vg (10 By — &
# dinltcrophnendo. yersus Numbars



T5IAl

log LDgo = 1.49% V2 = 3,173 Vw + 2.456
ne= 10, ol 009#7 gre 0.
9 127, Fz’-’ = 30,43 “p-.?:-z)

Though F values are significant at 99% level (F, -(0.01)
- Al b
9.55; Fq g(0.01) = 11 26) in both the linear and para-

bolic equations, the latter accounts for 90% (r? = 0.90)

of the variance, while the former accounts for only 70%

(r? = 0,70) of it.

In case of thiocyanates, no linear correlation

either by graph (Fig. 4e2) or by regression analysis

L.3.3) was found to exist.
obvious from Fige 4.2 and eqs (Le3:4)

(eq- However a parabolic

correlation as

was found to be highly significant.

= 2.835 - 0,083 Vw

log L050
3061 s " 0,166, F1.h = Ouk1 (4Le3.3)

ne=6b6, r=0
562 V2 - 2,516 Vw * 5:313

log LGso = .0.
g = 0.“’1’ F2’3 ol 3"’052

ne 6, r 00979l

(4o3.4)

that a similar curve and equally

(It is to be ment ioned
rrelation would be found, if

significant parabolic co

vity of thiocyanates is
put the use of Vw is preferred as to

acti plotted against the number

of carbon atoms,
the quantitatixe corr
f the
of the suhatituonbs).

elation to be useful for

make
future compounds which

cting the activity ©
have some other types

predi
might
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The F value in eqe. (4¢3.4) is significant at 99%
level (F3 3(0.01) = 30.82) and the equation explains 96%

of the variance.

Egs. (4e3.2 and 4.3.4) show that the insectiecidal
activities of dindtrophenols and thioceyanates will depend
upeon the size of the substituents.

4.4« Synaptosome Dopamine Uptake Inhibitors: Amtihistaminic

Pheniramines:

The inhibition of dopamine uptake by synaptoscmes
of rat corpus striatum by pheniramines and its derivatives
(Table 4.6) was studied by Symchowicz et al?5, In the
present section we have analyzed inhibition of synapto-
some dopamine uptake by pheniramines in relation to Vw.

Results and Discussion:
The Vw values calculated for R and X substituents

in pheniramines, and their observed % dopamine uptake
inhibition are listed in Table 4.6« With the use of

these data, the multiplé regression analysis was found

to reveal the following equation correlating activity

“it!h Vu's.

% Inihibition = 146.91 VweR + 86.10 Vwe X = 13.95

ne= 10. r = 0087, g = 11065’ F2’7 - 11'08 “&-hofj



TABLE 4.6.% INHIBITICN OF SYNAPTOSOME DOPAMINE UPTAKE BY
PHENIRAMINES AND Vyw VALUES OF PHENIRAMINES.

R

H- CHy-*CHy - N (Eh)

114

N

/
R X T (12 B) 4 Iungpisiont

R X

1 H H 0.056 0.056 5.3 + 6.7
2 L4-F H 0.115 0.056 11.6 + 1.2
3 L4=NOp H 0.265 0.056 12.0 + 2.6
L L=NH, H 0.177 0.056 26.3 * 1.3
5 L-Br H 0.287 0.056 31eh + a1
é K€ H 0.2k 0.056 33.8 + 0.9
7 3,4=-diCl H 0.,88 0.056 T3h + 1.1
g 461 Br 0.24k4 0287 b7.1 2 1.6
9 301 H 0.24 0.056 8.8 * 4.7
10 H Br 0,056  0.287 18.5 * 2.8

a ¢ drug concent

-6
ration of 1 X 107 M.



In this equation F value is significant at 99% level
(Fy 7(0.07) = 9.55) and the correlation coefficient
accounts for about 76% (r2-0.76) of the variance in
the activity. Thus this correlation suggests that
inhibition of dopamine uptake will depend upon the
size of the substituent in either ring of pheniramines.
The positive coefficients of Vw.R and Vw.X show that
an increase in the size of either R or X will lead to

an increased activity of the molecule.

Kumbar and Siva Sankar26 had found this activity

to be related with Ejgmp, but the number of data points
used by them was too small to draw any meaningful con-

eclugion from their correlation equation.
The correlation of inhibition activity with Vw

leads to suggest that drug-receptor interaction may be

of van der Waals type (ef. Appendix A)«

115
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Appendix A

The intermolecular interactions of van der Waals

type deal with a situation when interacting particles
are geparated by 2 distance tO exclude overlap of

electronic orbitalsl. The total intermolecular inter-

action energy petween the two molecules or atoms of

dipole moments [« and [ jonization potentials I, and

and <2, placed at 2 distance

Iz, polarizabilitien 'y
m and dielectric

of r in a medium of refractive index

congtant  is EAVeR pyl=3
=¥ 2!“';2%2_,_&.#5’_"4—04,,}»%
i D e 2 Wil il T e
E = 7 y¢€ L(L{Tréok,)l 2Rl (L Eo fC)?‘
) (1) 1) & Ly )
2 mmen?t A T (1)
Ziil €o) (.l+'Ii)

¢ free spaceé K, the Boltz-

parmitivtby 0
e gemperature. This rela-

i{s the
the absolub

where €o

mann constan® and T

T g 12/bTE
n-polar molecules:«
in fact,
e jnteraction;

¢r3) and is true for
For the non=-polar
vanish. The

pole interaction;

the gecond 0oneé, the dipol
- induced

and the ghird oneé»



dipole interaction. The first term decreases as the

temperature increases and the second one is independent

of the temperature.

In a biological system where water is the medium,

ome_much smaller than the

the dielectric

the first and second terms bec

third one2 due to the high value of

constant of water (~80). Therefore, for all practical

s the third term dominates in biological system
medium whether the interacting molecules are
And in this term the energy is

purpose
in aqueous

polar or non=-polars

determined by the P
Since the polarizabilit

olarizability of the molecules.
y is the funetion of the volume

of the molecule as shown by eq. (2), the total energy

van der Waals type of int

f the molecular size,

eraction becomes the

due to
whether the first and

function ©

gecond terms are affective or not «

L= 36,(4/3)TR3
- 36V

(2)

g activity ig found tO depend upon the

van der Waals tYy
nd its receptor:

Hence if dru

molecular gize,

pe of interaction can

pe expected between the drug a
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Amn“x B

Te Silgh Linear Roauiom

The simple linear regression of a dependent variable

y on a single {ndependent varigble x reveals an equation of

the form:

Teatm (1)

Eqe (1) vepresents & straight line and any value of Yy X4,

corresponding to any value of x, Xg, will be on this

put the actusl experimental value of ¥,

straight line,
Therefore if we assume Lg

different from Ty

yq, may be
to be the deviation of ¥i from Y4, we can write,

"G!""“
..4-&1051 (2)

least Square method, the values of & and b
sum of squares of deviations

gtraight line (eqet) is

(3)

{3) p.nunr with

oly and equat ing each derivative
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to zero we find

s (zx3)®

xi—__,

_2ixq - x) (ya - ¥)
S(xg - %)?

(%)

(5)

and a=y=bx

where X and y are the averages of x's and y's respectively
and the summation extends in each case over the entire
data points ne.

The deviation of the actual observation y4 from

n be expressed as the difference

: (1) the deviation 6f the obser-
and (2) the deviation

the regression line ca

between two deviations
verage ¥»

ion yq from the gotal a
he regression line from

m Yy ont

vat

of the correspending pol
the total average y. Thus we have:

By squaring and summing we gets
-zgz-zwi-ﬂz-zui-ﬂ (7)

of y's about regression or
1 error (sSerror) will be

That means the sum of squares

the sum of squares of residua



1c4

th
e difference between the sum of squares of y's about

mean (SSme
an) and the sum of squares due to the regression

SS
(8Sreg). We can therefore write egqs (7) ast

(8)

SSerror = SSmegn - SSreg

ng d

The standa
rd deviation or standard error about the fitted
regression 1ine (s) is then defined as:

g = JSSerror/ (n - 2) (10)
10
oigt . : A
From @gs (9), we have
SSmean = SSreg * SSerror ( )
1

Clearly, as dat2@ £it a line better and better the SS
’ error
becomes smaller and smallerse The r2 statistic is desig d
: ne

to take advantage of this propertys it is defined as:

1 sSreg . sSmean - SSerror
St S (12)

,ror becomes smallers ¢2 gpproaches 1.0. It

Thus as S5e
graction of the total

can be seen that r? is also the
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variance in the data which is explained by the regression
The r is known as correlation coefficient and can assule
values between zero and 1.0. ror r2 is a very important

characteristic of a statistical fit. It can be calculated

more easily by the equation

ot & byix; - %) (g - ¥) (
S(y]_ 3 7)2 13)

which is derived from eq. (12).
Another gtatistical parameter to assess the signi-

ficance of the correlation equation is the F-ratio (F)

which is defined in general as:

F Mean sgquare among groups (Msp)
kyn=-1=k o O =B )
Mean square within groups (MSy)
ssreg/k
(14)

Egorror/(np1-k)

Where k is the number of independent variables. Eqe(1k)

also shows that as sSerror becomes smaller and smaller,

jarger. The Fe-values for

and at different levels of
The tabulated F=values

the F becomes larger and

various degrees of freedol

gignificance () are tabulaud i

ne to find out {f a particu
If a calculated F-value for a given

enable © lar relationship is

acceptable or not.



relationship exceeds the corresponding tabulated value
at a particular level of significance, say 0.01, it

signifies that the probability of the relationship
which means that the relation-

.01) x 106]$ i.e. 99% level
(12) and (14), the F and ¥

being false is only 0.01,
ship is significant at [(1-0
of significance. From €qs.

are found to be mitually related as:

(15)

The galeculation of student's © value provides a

the gignificance of the caleculated regression

me asure to
It 1s defined as:

if2
p(ztay - ?) (16)

paramater b

tC =

for different degrees of

g=-values are also tabulated
()1,

1-k) and ab different confidence levels

freedom (n-
ater than the corres-

If the calcﬁlated t-value is gre
ponding tabulate d confidence level and
degrees of freed

pe significantly
is eatimated by:

d oneab require
of the 1ine is said vo

the slope
The standard error

om,

diffcrent from z6T0e

of b, 8(b),
a(b) = ———3712 (17)
[E(xi - %) ]
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Similarly the standard error of the intercept a, slal,
can also be calculated using the equation:
‘L/Q_

B(a) = 8 _1_ + -J_tz
L xy - i’)z‘} (18)

significance of the values of b

e calculated. A 100(1-4)%

For further assessment of
and a, confidence intervals ar

confidence interval for b is,

b 2 8lb) tat/a n2 (19)

and for a 18,

a + sla) t4/2,n-2 (20)

-yalues are used for their calculation.

The tabulated t
ce intervals are supposed to fall

Wwithin these confiden
s in 400( 4-*) cases out of 100

the values of parameter
samples of equal size. Hence, gmaller is the confidence

e significant ijg the value of parameters

interval, mor
of a predicted value of

The confidence :I.nterval

calculated b¥:
2 02
y, S -2 |, (21)

7.2 St [1HR T T 0IME
the fitved regression

ard error about

FinallYs 8o the stand
imates

1ine measures how pre

cisely the equation obta:l.ned est
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{ndividual values. Smaller is the value of s, better

is the correlation.

3. Multiple Regression:

A multiple regression analysis is performd, when

the dependent variable is the function of several in-

de pendent variables. In this case the linear equation

obtained may be of the form

1'.a+b1x1+b2x2+b3::3+----bkxk (22)

where Xq » %2 x3 ¢ o%Cs are different independent vari-
ables.
principle of least square and taking

Now by applying the
b's and setting them

artial derivatives

P
equal to zeros we geb

equations of the formé

with respect ©0
the 80 called reduced normal

by Xqq *+ b2 X12 * "3 Ky g SorResir e K X = %y (2300
e il x = x‘ i
by Xy + P2 X22 " by X23 * by Xk = X2y (P 2)
by Xiq * Pz X2 ” T T by Xick = Xy (23 .k)
where
(20)

Ky =% Fut = ) (xyg = v/
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Xuy = -f_ (xyi = Xu) (y4 - 7) (25)

Now by solving these equations, b's can be found and

then a can be estimated by the equation:

k

a--y__ugl_tbuxu

(26)

which is also obtained by applying the least square method

and taking the partial derivative with respect to a.

In order to solve the normal equations, the simp-

lest way is to find first the inverse of matrix X. If C

be the X‘1, b's can be estimated by:

by = C19 Fay * C12 Tay * =--Cax iy (27)
where Cyj are elemente of matrix C. Now the various
statistical par ameb

the correlation are ©

ers that assess the significance of

ptained by the equations:

1/
SS
ession, 8 '(:;E%E%?) (28)

Standard error about regr

Standard error of by, s(bi) L) 9-jcii (29)

Pl (30)
¢t for bi - ;TE;_T
dence interval for bir * . 4

100(1-«)% confi
s(bg) t4/2,n-1-K

(31)



100{1-<)% confidence interval for T§ = I3 X B/
- 2’n-1-k

[1 +_1.+i(§1'§_).9]
n  Somean (32)
Sy Exw*bzxzy”’BxBy* """ bk Xky
o (33)
The F can be caleculated by using €qe (15). In eq.(32),

21: is the vector of physical properties of observation i
ans of physical properties

N
and X is the vector of the me

in the gamplee

Lo Non-lineal Reggession:

When obgervations (%15 yy) are
y call for & non-linear

plotted, they often

a curved line, and theory ma

fall on
regressions The most commonly occuring gituations are:
(1) to fit 2 gpecific pigher order polynomial

near equation into a linear one

igh Order Polynomial?

Lele Fitting of a Specific Hig
a cubic equation like,

Suppo 8€ theory calls for

7=a+b1x+b2x2+b3x3 (34)

o situatiomns Ve 1ot xq = X2 *2 . x%, and X3 ¢ %3 4
ed in

In such
is as discuss

and thel perfori regres
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section 3. The equation obtained would be of the form:

y-a+b1x1+b2x2+b3x3 ‘35)

, and the values of
35) would

which would be equivalent to eg. (35)
all the statistical parameters obtained for egq.l

be applicable to eq.(3b)o

L.2. Transformation of Non-linear Equations into Linear

Ones:
If we find that the data would fit a

dequately to

the eguation of the type:

ey = a xb (36)
we can simplify the regression by converting it to the

equivalent linear equation as?
y = logg @ + b logg X

P o loge X (37)
and then by letting x' e logg *» a' and b can be found

as digcussed in section
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In eqs (2.2.1), the value of r was not reported.
However, on the basis of these equations, Kumbar and
Siva Sankar postulated that some kind of strain in mole-
cules was responsible for these two activities. Among
the various factors responsible for this strain in the
mclecules, one may be the size of the substituents. It
was therefore proposed to make a study on the corre-
lation of the hallucinogenic and antiserotonin activi-

ties of LSD.analogs with van der Waals volume, Vw.

2.2.{a) Caleulation of Vw:

The Vw has been found to be one of the most
fundamental characteristics of the drug structure
controlling biological activity. This determines the
molecular size and shape of the compounds which are
very important in the aspect of drug receptor interac-
tions. It has been recently shown to be related with
hydrophobic behaviour of drug molecules?® and conse-
quently with various biological activities??,

To find Vw of molecules, spherical shapes are
agsumed for all atoms according to Bondi3° because of
the absence of generally accepted pear shapes. The
values of the van der Waals radii used and calculated

volume of atoms are listed in Table 2.1. Since



