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CHAPTER -1

ANTI-CANCER DRUGS



ANTI-CANCER DRUGS

1.1 Introduction

Cancer is one of the most formidable disease of the
world. In medical term it is known as Neoplasm, which means a
relatively autonomousg growth of tissue. It can be found as
tumor or in disseminated form as leukemia. It can be begt
regarded as a group of diseases characterised by (i) abnormal
and wuncontrolled growth, (ii) ability to invade adjacent
tissues and even distant organs,; and (iii) the death of the
ratient, if the malignant or benign tumor has reached the
8tage when ji can not be removed from the body.® The main
difference between the normal tissues and the tumor is that

in most normal tissues the rate of proliferation equals the

rate of cell death, but in cancer, proliferation exceeds the

death rate. Alsce in normal «cells, proliferation is in

response to the subtle signals, when cell division is needed

for repair, regeneration or growth and development, but

cancer cells seems to lack such an auto regulation of

proliferation.? Although cancer is the 2nd leading cause of

death, next to cardiovascular diseases in developed world,
and cancers rank 4th as a cause of death in developing

countries,® it is rising, especially because of c¢hanges in
environment and life style.

1.2 Cauges of Cancer

The etiology of cancer is still not well understood,



but continuocus efforts of scientists in this direction has
given ample information about causes of some forms of cancer

and their prevention.’

Environmental Factors:

80-90% of the different types of human cancers are
believed to be due to different environmental factors. The

major factors established so far include :-

(a} Tobacco: In various forms of usage (e.g. smoking,

chewing) is the major cause of cancer of lung, larynx, mouth,

pharynx, bladder, oesophagus, Ppancreas.

(b) Alcohol: Excessive intake of alcoholic beverages is

associated with oeaphageal and liver cancer.

(¢) Dietary Factors: e.&. Smoked fish is related to satomach

cancer, beef consumption to bowel cancer, a high fat diet to

breast cancer.

(d) Occupational Exposures: Expoesure to chemicals likse

cadmium, chromium, benzene, asbestos, polycyclic

hydrocarbons, arsenic etc.

(e) Viruses: Hepatitis B virus is related to hepatocellular

carcinoma, the Epstein-Barr virus (EBV) is associated with

Burkitt’s Lymphoma and nasopharyngeal carcinoma. Buman

papilloma virus (HPV) is a chief suspect in cancer of cervix.

Viryg is also helieved to be responsible for Hodgkin's

diﬂease.



(f) Others: There are numercous other environmental factors

such as radiations, air and water pollution, pesticides etc.

To this must be added the life style and habitg which

may be associated with an increased risk of certain cancers.

Genetic Factors:

Though these factors are less prominent and more
difficult to identify, it appears that probably there is an
inter-relationship between hereditary susceptibility and

environmental carcinogenic stimuli in the causation of number

of cancers.

In fact, genetic influencesa have long beoen suspected.

It has been obgserved that retinoblastoma occurs in the

children of the same parent. Mongols are more 1likely to

develop leukemia than normal children.

1.3 Problems Faced in the Development of Chemotherapeutic

Agents

Though cell biologists have been able to establish some

sort of relationship pbetween the gene action and cancer,

where ji ig assumed that alteration of a protein by a

carcinogen is raflected at the level of transformation of

information from DNA or RNA, the heterogeneity of cancers

impose a 1lot of problems. Because the individual tumor

.

contain many subpopulations of neoplastic cells that differ

in crucial characteristics such as (i) Karyo type,



(ii) morphology, (iii) immunogenicity, (iv) rate of growth,
(v) the capacity to metastasize, and significantly (vi)

responsiveness to antineoplastic agents.

There are cogent reasons for why cancer is more

difficult to cure than bacterial infections.® Human cells and

bacterial cells differ qualitatively, whereas difference
between human normal cells and cancer cells is only
quantitative. Because of the basic differences at cellular
level in the former, the host’'s immune system plays

significant role in killing foreign (bacterial) cells, but is
not very effective in killing cancer cells. Further, the
antineoplastic agents kill the cells by Ilst order kinetics,

i.e. they kill only a constant fraction of cells rather than

a constant number, e.g.., if 2 patient has a trillion leukemia

cells, then a potent anticancer drug might reduce population

by 10,000 fold, when symptoms would be alleviated and the

patient would be in & state of remission, but the remaining

hundred million leukemia cells would readily increase to the

original number after cessation of therapy. There may be a

higher portion of resistant cells which means the same drug

MAY not prove very affective. So multiple regimens have to be

used to pedquce the number of neoplastic cells drastically.

Another complication in chemotherapy is the relative
e

Unresponsiveness of slow-growing solid tumors. Current

antineoplastic agents are most effective against cells with a

high growth fraction. This i® because their action is due to



blocking of the biosynthesis or transcription of nucleic
acids or by preventing cell division by interfering with
mitotic spindles. So cells in the synthetic or mitotic phases
are highly susceptible to these agents, while cells in the
resting state are resistant to many agents. Slow growiug

tumors characteristically have many cells in the resting

state.®

Most antineoplastic drugs are highly toxic to +the
patient and must be administered with extreme caution. Some
of them require clinical setting where supportive care is

available. The toxicity usually involves rapidly

proliferating tissues wspuch &as bona marrow and intestinal
epithelium. However, individual drugs produce distinctive

toxic effects on heart, lungs, kidneys and other organs.

1.4 Therapies Used For Treatment of Cancer

There are five modalities of treatment of cancer.

(i) Surgery

(ii) Photoradiotherapy
(iii) Radiotherapy

(iv) Immunotherapy

(v) Chemotherapy

(1) Surgery:
The most widely used method of treatment at present is

surgery i.e the total removal of the tumor by mechanical
] M e

meanas Even an extremely large tumor can be removed by



surgery with lasting benefit if it has not nmetastasized,
Conversely, a small tumor that has dispersed even a few cells
to other organs such as the lungs, liver, eor brain cannot bae
treated successfully by removing the primary tumor alone.®
Disseminated forms of cancer such as leukemia <cannot be
treated surgically. Other forms of treatment such a8

radiotherapy and chemotherapy &are necessary in c¢onjunction

with surgery.

(ii) Photoradiotherapy: :

Tumors can be localized andi destroyed by making use of
the gelactivity and fluorescencse of hematoporphyrin

derivative (HPD), a complex mixture of porphyrins resulting

from treatment of hematoporphyrin with a mixture of acetic

and sulphuric acids.’ To locate tumore, HPD is injected into

the cancer patient. After a 24 to 72 hour interval,

fluorescence can be observed in tumer tissues by the use of

Probegs with fiber optics. Porphyrin also accumulates in

certain normal organs of the host, including liver, Kkidnsy,

spl nd skin, the latter accounting for transient skin
éeen, a ’

photogensitization. To destroy tumors, light from a tunable

dye 1 c of 620 to 640 nm wavelength is directed onte the
ase

i i ‘C extenaions.whe (-] nBCeagary. N
tuﬂlora using flber Opt.l r
’ ]

ti which have minimal absorption of 620 to 640 nm of
ssues,

light, are minimally damaged.

(iii) Radiotherapy:

T tment with radiant energy i9 a successful rival of
rea



surgery and it is used alone or in conjunction with other
techniques in treating many forms of localised cancer,®
Radiation therapy causes only minimal damage to the
surrounding nocrmal tissues. I'-rays from radio isotopses such
as Co-60 and X-rays are usually wused 1n this kind of

treatment. The effects of radiation are:

(i) direct destruction of the cells;

(ii) inhibition of developing mitosis followed by the death

of the cellsg;

(iii) loss of proliferative capacity only in successive

generations.

(iv) Immunotherapy:

By immunotherapy it is possible to destroy 1last few

cancer cells remaining after surgery, radiotherapy, or

chemotherapy.® This delays sometimes for long periods the

spread or reappearance of cancer. As for example, BCG

immunotherapy, begun after chemotherapy, produces remissions
of much greater duration than chemotherapy alone in gome

forms of childhood leukemia, adult leukemia, Hodgkin's

diseage and head, neck, breast, skin, and colon cancers.
’

Used before chemotherapy, BCG doea not increase the remission

rate,
Early research in humans involved immunization of

Patients with extracts of their own tumor cells. UWith faw

exceptions, these early attempts at active specific



immunotherapy failed. Nevertheless, subsequent work in trials
of patients with leukemia, melanoma, and lung cancer has
given favourable results, and specific Immunotherapy may

eventually be successful.’®

(v) Chemotherapy:

The only treatment for the disseminated cancer 1is
chemotherapy. Alao it is less likely to have more effective

method of treatment from further improvement in surgery or

radiotherapy alone.

The increased understanding of call cycle kinetics,

tumor biology. rocent advances in clinical techniques and

improved preliminary acreening are enhancing the emergence of

newer, more potent compounds. Chemotherapy 19 providing

increasing cure rates in 10 -15 forms of human cancer.'"”13

With increased understandine of the drug at molecular level,

there has been continued improvement in this modality of

cancer treatment. Today the research is directed towards

development of not only newer, potent and less toxic

chemotherapeutic agents but efforts are also made to design

more effective raegimens for c¢oncurrent administration of

drugs and increased use of adjuvant therapies, wvhich seem

sure to provide better responses and response rates for

immediate future. However, more effective drugs are yet to be

discovered.

The design of a more effective drug depends on how

best can it be rationalised. Because rational design of an



agent to have a specific activity on the sgelected target
depands wupon hov best the target can b defined so that it
can be hit selectively in the presence of other similar
targetas. Unfortunately, in the case of cancer cells there is
little information ahout the unique characteristics of the
cancer c¢ells, that may be exploited in the investigation of
new agenty. Nonetheless, useful anticancer drugs are being
produced but mostly based on empiricism. The mechanism by
which the anticancer drugs kill cancer cells selectively has
not been clearly established, but evidences show that these
drugs might interfere with the synthesis or function of
nucleic acid or with mitotic process itself. The advances in
Quantitative structure activity relationship (QSAR) studies

have widened the scope of rational drug design and finding

the mechanism of drug actions. QSARs have proven their worth

in the interpretation of mechanisms of inhibition of a number

of enzyme systems'® and in elucidating the modes of action of

local anesthetics'® and a variety of drugs acting at the

CNS.16.417 A recent review on QS5AR of anticancer druge'® has

provided valuable information about their rational design

and has aroused further interest in their QSAR studies,

1.5 Claseification of Anticancer Drugs
Anticancar drugs belong to different classes of

chemical compounds and follow different modes of action.

Therefore, these drugse can also be classgified on the bagis of

their mode of action as given below.

10



(i) Chemically Reactive Drugs Having Nonspecific Action

Different types of chemicals exhibit their
anticancer activity by alkylating nucleic acid. Alkylating
agents can combine covalently with nucleophilic centre and
hence can attack at any nucleophilic centre, available in
vivo, nonselectively. These centres can be N, S or 0 atoms of
biologically important functional groups such as amino
groups, thiolate anions of proteins, and ring nitrogen atoms
and phosphate anions of nucleic acids. However, it has been
evidenced that the DNA, and in that also, 7-position of the
guanine is the prime site of attack of biological alkylating
agentg. Scheme 1 explains how any two nucleophiles Y and 2
can be alkylated by a bifunctional alkylating agent such as
mechlorethamine{a). It cyclizes readily to the highly active
ethyleneimmonium ijon in polar wolvents, like water, at
physioiogical pH. The three membered ring reacts readily with
replaceable hydrogen atoms in the above mentioned groups,

7~position of guanine in particular, in each of the double

atrands of DNA (Fig. 1.1) causing cross linking of the

strands which hampers the DNA replication and other cell

functions.'¥ Cell multiplying rapidly are more sensitive to

crogg linking than normal cells because they are not able to

cepair damaged DNA, while latter do so by enzymatic excision

of alkylated bases.

The bifunctional alkylation may also lead to

interstrand cross linking of DNA or to the binding of DNA to

11



protein molecules.®9'%7 Monofunctional alkylation may also
take place but that would be less cytotoxic. It may result in
mispairing of bases in DNA, e.g., normally the keto form of
guanine forms hydrogen bond with cytosine, but after N-7
alkylation the enol form of guanine would be favoured which
can pair with thymine ®% (Fig. 1.2a) Such misbairing could
lead to miscoding and mutation. Monofunctional alkylation may
also lead to opening of imidazole ring causing serious damage
to DNA (Fig. 1.2b). However, theoretically alkylation at O0-¢

and N-3 would be more effective than at N-7 .22

The impertant alkylating agents are nitrogen mustards,
eaters of gulfonic acides (alkyl sulfonatea), nitrosoureas,

triazenes and aziridines.

(ii) Mitotic Inhibitors

These are agents which arrest metaphase by interacting
with microtubules, thus blocking mitosis.®4-8% Hance ceoll
division gets arrested in metaphase. In the absence of intact
mitotic spindle, the chromosomes may get dispersed throughout
the cytoplasm (exploded mitosis) or may occur in unusual
grouping, which are difficult to segregate correctly

resulting in death of the cell.

These are usually compounds of natural origin and
include vinca alkaloids, colchicine derivatives,

podophyllotoxins and some other miscellaneous compounds.

12
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(iii) Cellular Respiration Inhibitors

The detailed study of glycolytic and respiratory
path ways in cancer cells has revealed that some of the
cancer cells show abnormal levels or activities of <certain
enzymes like malate and lactate dehydrogenases.2¢-2% Hance
cellular regpiration can be inhibited by selectively
inhibiting these enzymes, which would result in the death of
the cellg. Certain copper (II) chelategs?®?-3'% gnd derivatives
of 4-hydroxyquinoline-3-carboxylic acids®?-3% have been found

to have direct affect o©on the 1inhibition of cellular

renpiration.
(iv) Hypoxia-Selective and Radiosensitizing Agente

Hypoxia (oxygen deficient) is more prominent in

solid tumors than in normal tissues, hence it serves ag an

important target for developing novel anticancer agentg,3%-
a8 hypoxia creates an environmental difference, which can be

exploited for the purpose. Hypoxia cells may be activated

idin lecti
only in the absennce of oxygen, provi 4 selective

bicactivation within tumor tisgues.%® In general,

nitroaromaticse and nitro hetrocyclics have been found hypoxia

8elective.?®?
Since hypoxic cells are refractery to radiation, they
in

limit the clinical efficacy of radiotherapy.®® This fact can

be tilized to develop newer chemotherapeutic agents wherse
utili

att ts should be made to develop agents which can
enp

1é



selectively sensgistize hypoxic cancer cells to the effacts of
ionizing radiations. Many of the above compounds have been

found possessing radiosengitizing activity.,?7.40
(v) Agents Binding to DNA

DNA is a vital target for anticancer agents and many
chemicals exert their action through binding to DNA. Their
potency depends upon the mode and intensity of binding. There

are three main types of binding:

(a) Covalent binding,
(b) Intercalation and

(c) Non-intercalative groove binding.

Covalent binding takes place when the drugs are bifunctional
alkylating agents. The other two bindings involve weak forces
like van der Waals force or hydrogen bonding and are not very

strong. In DNA molecule, each base pair provides two grooves:

(a) Minor groove and

(b) Major groovse {(Fig. 1.3).4
Typical groove-binding molecules are composed of several

hetroarmatic rings linked through amide or other functional

groups, or directly through single bondg.*%-4*? Some of the

important molecules of this type are shown in Fig. 1.4. These

molecules are relatively long and flexible and have a number
of proton donor and acceaptor groups, have positively charged
end(s), and are supposed to have the specificity for the

minor groove of the DNA. They may bind with the minor groove

17



of A-T or G-C base pair through the hydrogen bond formation
between their NH groups and N3 atom of adenine/guanine and/or
0¥ atom of thymine/cytosine.*?-*7 The charged end groups of
druge are supposed to be involved in the interaction

generally with the phosphate groups of DNA.

In the <case of the intercalation wherse thae
attachment of the drug molecules with DNA is stronger, the
drug molecule is inserted between two adjacent layers of
bagse pairs and is held there primarily through van der Uaals
forces. The side chain, if any, of the molecule can interact
with the phowphates of the backbone of the the DNA

molecule.*’ The potent and useful intarcalating anticancer

drugs arae anthracyclines which are derivatives of

anthragquinone, this being a Pplanar chromophore is wall

adapted for intercalation between the nucleic acid base

pairs, ags its surface matches closely the surface of these

pairg.+s-49 Different series of acridines have also been

studied for their intercalating properties. Some

migcellaneous compounds have also been found to exert their

anticancer effects through intercalation.

(vi) Antimetabollites
Thepe are compounds usually closely related in

structure to the metabolite, that 1is antagonised. They

interfere with the formation or utilization of normnal

cellular metabolite DPY inhibiting an enzyme or enzymes. In

this capacity they may combine with the active site as |if

18



they are substrate or cofactor. Alternatively, they may bind
to an allosteric regulatory site, aspecially when they

resemble the end product of biosynthetic path way wunder

f eadback control.>®° Interference also regults from
incorporation a8 a fradulent building unit into
macromolecules such as proteins or nucleic acids. Several
types of antimetabolites have bheen inveatigated “for

anticancer activity and a few of them have been found
effective in treating cancer. The important drugs among these
are amalogues of the metabolites involved in the biosynthesis

of nucleic acids and the purine and pyrimidine-containing co-

factors.

19
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QSAR METHODOLOGY

2.1 Introduction

Quantitative Structure Activity Relationship (QSAR) and

Rational Drug Design (RDD) are two ingseparable terms. They

are almost synonymous and can hardly be demarcated. However,

if any one insists to drav a demarcation line, it may be said

that QSAR is the way to RDD. Uith a high demand of newer and

better drugs on one gide, their discovery is a challenging

process on the other side due to complexity of the various

biological systems. in fact, most of the discoveries of drugs

80 far have been either by eheer luck or creativity or a

combination of these-

Drug research ia rather @& multistep pProcess

involving synthesis, jsolation, random OF intuitive selection

(Scheme 2.1). The conventional drug research

t from Scheme 2.1 was gimply random,

and screening

before 70's, 3° eviden

intuitiv trial & artcor method. But design, development and
e,

of a drue py trial and error methods

Commerciallzation .
usuall ployed fof <he development of a nev drug is a
ually em
. and cost intensive process, as this
tedious, time conguming

C et .- 1like " pharmacokinetic
. redlCtlons ’
requires variou#d P
. ties before the synthegis of
. goXiC proper
pharmacodynamic and
after synthesis, these

4. And moreover

a chemical compoun
jtable piological system. By

compounde mMm
it takes upte 12 years before any
a reasonable
Lises ¢rom the process’ and upto 15 years
product materia i3
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hefore it <comes to market. In this process & very small
fraction of the compounds characterized in the discovery are

commercialized® and the estimate cost is to the tune of

$7,500 per compound.?®

To . avoid all this, recent advances made in various

branchas of s8cience have been employed in designing new

chemical leads and optimization of activities with the

congeneric series of compounds. Computers also have been used

for this purpocse and it is observed that computer aided

techniques have been ugseful in reducing random synthesis and

screening of various chemical compounds.

Long ago it was proposed that the biological activity

of a compound i8 & function of 1ts chemical structure. Today,

biological or therapeutic activity is considered to be a

function of physicochemical properties. With this concept,

Sstructure-activity relationships are developed, when a set of

Dhysicochemical properties of a group of congeners is found

to explain the variations in biological responses of those

compounds This has resulted in the discovery, examination,
and interpretation of gtructure-activity relationships in a
which has led to the introduction of

more systematic way .,

_relationahip (QSAR) studies.

quantitative structure—actLVLty
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DRUG RESEARCH

Random bioclogical screening of natural
and synthetic compounds in test animals

to asasess therapeutic activity and

J

Active member(®s) with low toxicity are

toxicity.

selected, and a number of homologues and
analogues are prepared and biologically

evaluated (therapeutic and toxic)

/

QSAR + RDD

Compounds are further tailored to

potential drug of high

}

acute and chronic toxicity

l

Clinical Trial

l

MARKET

provide a

therapeutic index

Subacute,

gtudies

Scheme 2.1
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The correlation of molecular structure with biological
activity is at the heart of modern medicinal chemistry, being
fundamental both to our understanding of how drugs act, and
to the rational design of more effective analogues. Over the
last decade, considerable advances have been made in studies
of structure-activity relationship, largely because of the

trend towards expressing all aspects of '"structure” in

quantitative terms relative to some standard. The most

significant contributions to this endeavour have been made by

an organic chemist, Prof. C. Hanach and co-workers.*®

2.2 Applications

The quantitative approach to understand drug action

depends upon the ability to express structure by numerical

values and then to relate these values to corresponding

changes in activity. The response is going to be determined

by the structure, i-€.. py the physicochemical properties
’

of the compound, and within a closely related or so-called
congeneric series of compounds, changes in structure can be
related to changes in biological activity.

ces to explain the reasons of observed
The QSAR study tr1ie -
variati in biological activities of a group of congeners
iations i
in ¢ f molecular modifications or variations caused by
ermg of m
jtuents. QSAR studies generally have
the change of the subst
) the predictive aspect and (ii) the

two important aspects: (1

The predictive aspect, as the name

diagnostic aspect.
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implies, deals with the extrapolation and interpeclation of a
correlation study to identify synthesis of more active
derivatives and to avoid the synthesis and teeting of
derivatives of same or equivalent activity, minimizing the
time needed to find a better derivative. The diagnostic

aspect, on the other hand, answers mechanistic aspects of the

reaction, i.e., it helps to obtain the information about the

type of binding forces involved and about the mode of actions

of drugs. Results of both these aspects can lead to tailor-

made design of newvw drug of better activity with lesser or no

side effects.

Sevearal approaches used in QSAR studies are: the non-

parametric methods like Free-Uilson approach® and Fujita-

Ban approach,® the pafametfic methods developed by Hansch,*
discriminant analysis,” and the pattern recognition

technique.® Various factors such as quality of the biological
e tested, degree of variance in the

data, number of compound

results and ratio of the time required for synthesis and
1

biological testing dictate'the choice of approach for the

QSAR study.

ylar and videly used approach continues to

The moset PpPoP
be +th 11ed Hansch approach,* where the variance in
a 80 Ca

bioloaical effect (ABEJ is explained by the variance of
ogica e |
cons 1 e -ffée-éﬂergy related substituent constants
ertain insear

lipophilic/hydrophilic (bL/aH),

vh ag in
ich deacribe the‘chanﬂ .
‘ steric (& Ee ) and other properties £

electronic (& El).
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the parent molecule induced by the substituents. This model

can be expressed as follows:
BE = §j(AL/BOH,0El, 0 Ee, ...)

The change in lipophilicity can be described by the

partition coefficient (log P)? or the hydrophilic constant w

defined"® ag:
n = log Px -log Pu,

where X refers to the substituted derivative and H to the

parent compound. The hydrophobic constant is measured in

terms of octanol-water partition coefficient of the

compounds. Lipophilicity can alaso be described by Rm values

obtained from reverse-phase chromatography and by 1log K

obtained from HPLC. The chénae in electronic properties can

be expressed by Hammetl constant, " charge densities,

spectroscopic properties like chemical shift from IR or UV

spectra field constant (F) and resonance constant (R). The
8teric influence of the substituents can be described by the
12 molar volume (V) and molar

Taft gteric constant (Es),

refractivity (HR)-”"4

Begides many a drug activities have been found to
es

de d xclusively upon the molecular size,'>~23 yhich can be
pen e

van der UWaals volume (Vw), and upon the

described by the

mol 1 r' graph- which is delineated by molecular
ecuila

c civity j_ﬂdex (1%).2‘ In this thesis the extensive uge
onnectivi .

has been made ©Of these parameters.
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In a stepwise linear multiregression analysis, the
biological activity (BA) can be related to various

physicochemical, electronic, and steric parameters ag:
BA = an(or logP) + buwZ(or (logPl®) + co + dEs + k (2.1)

Where a, b, ¢ and d are the regression coefficients and k the
intercept ocbtained by least square method. Biological

activity can be expressed by negative logarithmic of the

concentration of drug leading to a desgsired response,

Equation 2.1 shows a nonlinear, i.e.., a parabolic dependence

of activity on the hydrophobic character of molecules.

Actually, Hansch had assumed & "random walk” of the

molecules, where hydrophilic molecules tend to remain in

aqueocus phase, while hydrophobic molecules tend to go into

lipid phase. Only those molecules that have an optimal

hydrophilic/hydrophobic balance tend to reach their goal in

reasonable time and concentration. The nonlinear dependsnce

of activity on m or logP value for in vivo system is due to

the nonlinear dependence of the rate constant of drug

transport through aqueous and bio-organic phases on

lipophilicity whereas for in vitro systems, like drug-binding
inhibition, such nonlinear relationships result from
equilibrium distribution of the drug toward different areas
at the receptor aurface, from limited binding space at the

active agite or from limited solubility of more 1lipophilic

congenersg.

Howevet‘ j_n many cages the ?Blationships bgtwaen
’
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activity and lipophilicity were found to be strictly linear*
and although the parabolic model proved to be extremaly
useful for practical purposes, there was an inconsistency
between it and the linear model. Although much less is known
about the dependence of biological activities on lipophilic

character beyond the point of optimal lipophilicity (logPs or

Te), most often a linear relationship is observed with a

negative slope beyond it. To overcome such inconsistencies

between the linear and nonlinear models, a number of

different models 22-37 were proposed, out of which Kubinyi's

bilinear model was found, after Hansch’s parabolic model, to

be the most useful model se-38 tg describe the nonlinear

relationships.

2.3 Limitations of QSAR

Though QSAR gtudies can be successfully wutilized to

of new analogues and discuss the

Predict the activity

mechanisms of drug-receptor interactions, they have some

drawbacks and limitations &9 described below.®7

The aubstituent effect on hydrophobicity is
based on an octanol-water gystem;

characterized by 108F

hence very aignificant correlation can not represent
., even &

for hydrophObic interaction betwesn a drug

The value of logP also depends on

& true model

molecule and the receptor-

'd the hydrogen bonding properties
the electronic character® 30

«0.4* Thua, if one gets a correlation

of the substituents:
. not conclude that there is only
with logp only, omne €37
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hydrophobic interaction between drug and receptor and that no
electronic interaction or hydrogen bonding takes place.
Another factor that may influence logP values is steric
effect that can prevent the access of water to a hydrophilic
group.*Z Steric interactions are extremely difficult to
extrapolate from system to system. The usé of parameters like
MR, MU, Vw, etc., do not give any idea in what way seteric
effects would affect the drug-recgptor interaction. A more

serious problem arises with the electronic parameters. The

Hammett constants do not reflect which portion of the drug

molecule would be actually involved in the interaction with

the receptor. Quantum mechanical calculations can provide

eome help in this, but they are time consuming and expensive.

Although molecules are represented as rigid structures

on paper, they may in fact be quite different in soclution and

their dynamic nature should be recognized. There is

considerable evidence that macromolecules, sven in

crystalline state, exhibit a wide @pectrum of motion,*3-+7

Theee motions may be involved in some molecular

conformational changes on aubstrate or group binding. Both

drugs and biomolecules arse three dimensional objects whose

chemical features are related to their three dimensional'
interaction between them involves a

structures. The

ComplementaritY or fit between the two objects. Even a

successful QSAR atudy will provide only indirect information

about the three—dimenslonal aspects of drug-biomolecule
interaction.
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Many structural features that affect the activity but

can not be parametized by the usual variables like w, o, Eg,
etc. , are accounted for by the use of indicator variableg.
These indicator variables are arbitrarily assigned two
values: one to indicate the presence of the specific

structural feature and other to indicate its absence. If the
entire series of congeners is divided into two sets, one with

and one without the specific structural feature, one would

obtain two equations almost parallel, with a difference in

their intercepts only. An indicator variable thus can be

pictured simply as & conatant that adjusts two parallel

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

degcribed by the upual parameters, one builde on a large

amount of variance with the indicator variable leading to a

r correlation coefficient(r).*® Despite the better

much highe

r, the new correlation may be a poorer one, and thus, one can
]

be misled if other statistical parameters are not available.

Another gerious problem in OSAR analysis is the problem

+% For example, m and MR most often turn out

of collinearity.

to be so collinear that it becomesa impoagible to tell whether
(- ]

one or both are involved in SAR. Over and above all, a QSAR

study may be incorrectly interpreted if the biological
property of interest 18 not correctly measured. A measured
biological response ma¥y be a complex result of several

DrOCessés, and an in vitro model of drug-receptor interaction
| . rue in vivo model.

t
doegs not alway® represent the
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PARAMETERS USED AND THEIR CALCULATIONS

This Chapter discusses the methodology of calculation
of various distinct parameters, on which most of the
biological activities are found to depend. They have been

found to be very useful in QSAR studies.

3.1. Hydrophobic Parameter (log P)

The fragment method guggested by Hansch and Leo’ for

calculating logP, wherse P is the partition coefficient of the

solute in octanol-water system, is known as conatructionisat

or gynthetic approach. Experimentally daeterminaed logP values

can often he reproduced or approached theoretically with the

help of this approach. The basic amssumption of this approach
ig: the logP of a golute can be expresged ag a linear sum of
tuhdamnental atpuetural conatanta koowh ad Fragmenta (f) and
factors (F) that affect the partitioning equilibrium.

fo + Lbm Fm (3.1)

c fully conducted partitioning experiment and
arefu o

i tition data hav
s g s he then available par s
statistical survey of 1

. : es to the fragments and Factors,

been used in assigniné valu
) . g summarized in the following
The working DPLNC1919 1

paragraphs.
ach carbon atome are divided into two
In this appros”
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Ga i . . .
tegories: isolating carbons (IC) and nonisolatinag carb
- onsg

(NIC). ICs are those having either four single bonds (at
least two of which are to nonheteroatoms) or are multiply

bonded to other carbon atoms. NIC atoms are carbon

atoms multiply bonded to hetero atoms. For example -C= in

CHz =CHp is an IC but not im HeC=0. Fragments are of two

tYDes:

(i) Fundamental fragmenta: Fragments whose free valency will

lead to isolating carbonsg,

(ii) Derjved fragments: A derivative of fundamental fragments

(0-3. CF:’).
can be either a single atom or a group

A fundamental fragment
of multiple atoms (©-&- -c=0, -C=N, etc.). A single-atom
gment can be either an isolating carbon atom

fllndamental fr‘a
atom all of which are bonded to

°r a hydrogen or @ hetero

ture a fragment will come under one

1Cs, Dpepending on its P&

Of the following classes:

(i) Non-polar fragments: These are simple [Cs and

hydrogen# attached t© ICs.
A fragment that can be expected to

fpagment9=
accepting or donating an

(ii) H-polar
ejther by

bonds
"COOH '] '-NHZ

form H
etc., and

electron pair e-&: -0
) + that is strongly electro
(iij) te: A fragmen n
S-polar fragments:
to form H-bonds (e
. . . ittle tendency ‘8-
withdrawing with 14

halogens) .

the structural formulae {(or UWLN

In expressing ffagments'
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code) of the respective fragments will be written a8
subscripts of "§” for example as f-wn-co-nu fOr expressing
the Ifragment -NH-CO-NH- present in CH;NHCONHCHs. Various

Factors (F) are designed to account for the intramolecular

forces and factors that affect the partitioning equilibrium

of the sgolute. All these Fg are identified with the help of

different subscripte and superscripts. The subscripts are

mentioned in the Factors table. The superscripts are

applicable also to fragments. They are listed as:

structural attachment

(i) None = aliphatic
(ii) @ = attachment to aromatic ring, if bivalent the
attachment 18 from left as written
(iii) 1/8 = as 2 hut attachment from right as written
(iv) 29 - gwo aromatic attachmentsa
(v) X = aromatic¢ attachment, value enhanced by second,
electron—uithdrawins substituent (o: 2 £0.35)
(vi) IR - penzyl attachment.

any symbol means it is present in a ring

Underlining
polar fragment are separated

ha]_ogens a.nd H-

8ystem. Whenever
i Factor will come into operation,

by only one IC an additiona

g the jogP of any compound, the first atep

In calculatin
rwell defined’ fragments based

Compouﬂd into

nd then

is dividing that
searching for different

°n  the above discussion a

fact ting AP petween the fragments within the
ora operatl

m of all these fragments

Now the 8u

8tructure of the molecule:

e the calculated logP of that compound.

and Factors will giv
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It is always =safe to break any compound, especially compound
containing hetero atoms, into fundamental fragments rather
than into derived fragments. Some important fragment values
and Factor valueg are listed 1in Tables 3.1 and 3.2,

respectively. A simple example for logP calculation is shown

below.

Example, Toluene ( CoHs-CHs ) : This can be treated as
a compound comprising six aromatic carbons, one aliphatic
carbon and eight hydrogens. The fragments can be expressed
as:

logP (Toluene)

f

65°¢ + fe * 8in

6(0.13) + 0.20 ¢ 8(0.23) 2.82 (Calcd.}; 2.80 (obsd.)

Since aromatic ring ie excluded from bond Factor,
there is no F» term in the above equation. And here
aliphatic chain length is one (-CHs), 80 (n-1) Fo is equal
to zero (C-H bonda are excluded from Factors). The logP of
be calculated from two derived

this compound <¢an also

fragments as:
®

5 + f =
CaHs CHa

1ogP(toluene)

1.9 + 0.89% = 2.79 (calcd.)
lues of compounds deviate
i jated logP va
Sometimes calcu

xperimentally determined values. For
e

very much from the
thylenedioxybenzene is 2.08,

of 1 2-me
example, observed 108P ,

4 value comes out to be 1.34 only. This
e v

but the calculat
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large difference may be due to Factors beyond the contreol of
this method. However, since it is an additive model, 1t will

gserve the purpose of drueg design when used in a congeneric

series of compounds. Further details are given in the

literature.*

Table 3.1: Some common fragment constants”®

— : =
05 thout f fo f ulth‘ ¥ § fee
Coar i Carbon
e -~ 1.09 C 0.20 0.20
wC Py b 1.11
o] 0.06 0.94
- ) 0.37 -CN -1 <27 0.34
f -0.38 L35 -CON =3 J04 -2.80 -1.93
5 0. 52 —0'53 i -C(0)- -1.90 -1.09 -0.50
N -2.18 5 s -CO2 1 A9 =B.SE  =D0OF
) Oe —1.16. _0-(1 0. 53 ~COp ™! -5.19 -4.13
Q= =} 58 0.21 -COH -1.10 -0.42
-H e = -
~NH- U'ig _1.03 -0.09  ~COeH I.03 0.0
=2 1D a0 —~CONHg —=2 3 18 -1.26
“Nify -1.54 ey comg= 2,71  -1.81 ~1.0%
‘gﬂ - ‘g'gz _NHCONH- ~-2.18 -1.57  -0.82
~SH -0.23 :
Fused in Aromatic Ring
S T je  with Je WEth §e
githOUt fe witEOit Carbon Carbon
arhon Carbo
__,_~—~ —_ —
-, Q’- R s c 0.13 CH 0.35,
~N= -1.12 =N=N- ’ :
- 2 0.2559 ~-C(0)- =-0.59
N -1.60 ~H= -0 *
" 0.44" ~0C(0)- -1.40
~N e -0.56 —NH”’Jd:E;ii___;;—f—f

1
Taken from referenc®

Derived fragment nd ethylen
' For methyl ethers® i

For ring fusion cafb?ﬂro

For ring fusion B

¢ oxide, use -1.54
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T v
able 3.2: List of some factors”

Invglving bends

Geomelric

Unsaturalion
1o Lengiht x(n-1} short {hainss 1-time

Doyble Iriple Progoriional

Haorma) =% = -puCs = -
F(=) = -0.55 F(2) = -1.42 Chaini Fy = -0.12 Alkane Chaint Fen, = 0.13

-0.09 H-pelar Fraqmeni: Fgp, = ~0.22

14

Conjugate Fe(=)= -0,42 Ring®: Fp

lo @

LQ jur F = - F = “ { ]- [ -2 “; = l = 4
£ UJ IE‘ ’”{-J = 0.0 ﬁﬁ(_]*‘ .(' Br 0 r!ln'l BYN = 0 0 R v, (_]uq gr= Ccl -0 <
a a3 4 .- .

le 29
= -0,21¢

FDYP

logenalion®

[nvolving sultiple ha

On adjacent Carhan

0

N same (n=2) = 0.30

¢

T — fay & 0:53 tvicinal ifanwe + 0.28(n ~ 1)
F

-l - (n=4) = 0.72

[nvolving H-polar Proximily
= ‘0.32 [f1+fz firomalic ? F%%1 = 0,16 L +ip

Foy = ~0.42 [f44fe  Al1phatif Fes

Foz © -0,20 [ftie Feoe = -0.08 IRPRE P

C 3 -
haint F,2 = -0.26 (1t ring

S

Fod = -0,10 Lfa#ie
e ————
Involving intrasplecular H-bond
Frew = 0.60 for nilrogen Fuso = 1.0 for oxygen
: p _,_,__-__.________,___ﬂ_.___________

Taken from ref. 1
 Aromatic rings are® excluded
* For amine
¢ For Phosphorus €
* Value per haloge®

sters
atom
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1.2. Hydrophobic Constant (w) of Substituents

Although logP <¢an be used as a measure of th
: 2 9

hydrophobicity of a whole molecule, one often works with
a

set of derivatives of a parent compound in «hich a lar
H H age

portion of the structure remains constant. In such a «cas
suc ase,

knowing the relative hydrophobicity of substituents <can be

T for correlation analysis. Sometimes it has been

{ound that only substituents in certain positions interact

hydrophobically with a given biosystem.®:% To enable one to

work with the relative hydrophobicity of substituents and in

this way separate hydrophﬂbic character from electronic and

of substituents, the paramster m hag been

steric af fectsg

defined analogous to © oS

ny = logPx ~ logFw %, 53
In this expression, py is the partition coefficient of a
derivative and Pn that of the parent compound, Por wiesmapl o
ne, = logP - logf S
Cb}lgCl Cb“b
= 2.84 -~ 2.13
= 0. T
means that relative to H the
A positive value for ¥
5 hase. A negati\re 1
he octanol P ——
substituent favours® t

racter relative to H. The wvalue

nhilic cha

indicates its hydroP
tem. Certain mw val

N gystem to 8YS uasg

of g varies somewhat frofm

o 3ie

are given in Tabl®
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Table 3.3: Data on physicochemical parameters of some.
important substituents®

SNo. Subsgtituent n Tm Op MR
1. H 0.0 0.0 0.0 1.03
2. CHa 0.56 -0.07 -0.17 5.65
3. CeHs 1.02 -0.07 -0.15 | 10.30
q. CsHo 1.05 -0.07 -0.13 14.96
5. i-CsHs 1.53 -0.07 -0.15 14.96
. n-CiHo 2.13 -0.08 -0.16 19.61
7. F 0.14 0.34 0.06 0.92
8. Cl 0.71 6.37 0.23 6.03
0. Bp 0.86 0.39 0.23 8.88

10. 1 1.12 0.35 0.18 13.94

11. OCHa -0.02 0.12 -0.27 7.87

12. NHe -1.23 -0.16 -0.6¢6 5.42

13. OH -0.67 0.12 -0.37 2.85

14. COOH -0.32 0.37 0.45% 6.93

15. COOCHa -9.01 0.37 6.45 12.87

16, CFq 0.88 0.43 0.54 5.02

17 NO, -0.28 0.71 0.78 7.36

18.  CHO ~0.65 0.35% 0.42 6.88

19 CaHs 1.96 0.06 -0.01 25.36

20 cﬁ ~0.57 0.56 0.66 6.33

a1 N 0.46 0.27 0.15 10.20

g NEOH ~1.34 -0.04 -0.34 7.22

. v 0.82 6.05 -0.02 10.99
23. CH=CHe _ 0.38 0.50 11.18
24. COCHs 0.55 0.5 17 a7
25 C0OCeHs - 0.51 0-27 ' '

: 1.07 0.37 0.45 22.17
26. COOCsH> _1.03 0.0 0.0 7.19
27. CHe OH ~0.86 e.o -0.07 11.82
28, CHOHCH3 _0'78 0.02 0.03 12.07
29.  CHeOCHa 0.61 0.15 0.0 13.82
30.  SCHa _5.98 0.19 0.0 10.31
31. NHCHO 0. 64 0.39 0.31 12.47
2. OCOCH3 0. 85 0.10 -0.45 17.06
33, OCH(CHa)e 1.05 0.10 -0.25% 17.06
34, OCaH> 0'13 -0.15 -0.83 15.55
35, N(CHs )= ’ S

=
rence 1

* Taken from refe
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3.3. Electronic Parameter (o)

The development of electronic parameter is one of th
e

most important breakthroughs for mechanistic organi
ic

chemistry which came in 19235 when L.P. Hammett proposed® +th
e

following equation to define an electronic parameter ¢

g = IOQKX - logKn (_“ q)

In Equation 3.4, Ku is the ionisation constant of

benzoic acid in water at 25°C and Kx is the ionisation

constant for the meta or para derivative under the same

exparimental conditions. Positive values of 0 represent the

electron-withdrawing and the negative ones electron-donating

character of pubstituents in the aroematic ring. For <c¢ertain

substituents, o values are given in Table 3.3.

3.4. Molar Refractivity (MR)

in various organic reactions, dispersion forces play an

important role and these could be modeled by the molar
refractivity (IMR) of substituents. Experimentally, MR is
usually obtained via the Lorentz—-Lorenz equation.

neg - 1 My
MR = ———— _
nE + 2 d

x of refraction, d is the density, and MU

Vhere n is the inds
of a compound. Since MR is an

is the molecular weight
uent propert

y common groups of atoms. It has

. . y of molecules, fragment
additive constit ' values

ated for man

~~have been calcul
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generally heen asgsumed that a positive coefficient with an MR
term in a correlation equation suggéats a binding action
via dispersion forces. Such binding c¢ould produce a
concomitant conformational change in a macromolecular binding

site. If the conformational change favoured the process under

study, one would certainly expect a positive coefficient with

the MR term. However, if the conformational change were

detrimental, a negative coefficient could result for the MR

term, Negative coefficient with MR have also been assumed to

reflect steric hindrance of one kind or another. Some MR

value used are tabulated in Table 3.3.

3.5. van der Waals Volume

The van der Uaals volume (V.) has been found to be one

of the most fundamental characteristics of the drug structure

controlling biological activity. This determines the

pe of the compounds which are very

molecular size and sha

ct of drug-receptor interactions.

important in the aspe

V. of molecules, spherical shapes are

To calculate
all atoms according to Bonds®> because of the

assumed for
ted pear shapes. The values of the

absence of generall¥ accep

radii used and calculated volume of atoms are

van der Uaals®
listed in Table 3.4. Since van der Uaals radii are greater
rection for sphere overlapping due

than covalent radii, @ cor
to c lent bonding petween atoms is needed for the
ova
of po1yatomic moleculesa. The covalent bond

calculation of Vw

ection values are tabulated in Table 3.5. A
r

19ngtha and cor
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correction for branching in the molecule is also included in
the V. calculation. Such correction is also mentioned in the

Table 3.5. All these values have been taken from the

literature.®

Table 3.4: van der Uaale radius and volume of atoms*

Atom Radius Sphere Volume
(A°) (10% A°®)
c 1.7 0.206
i 1.1 0.056
N 1.5 0.141
o 1.4 0.115
5 1.8 0.244
F 1.4 0.115
1.7 0.206

. aliphatic
Cl—
| aromatic 1.8 0.244
0.
. alipbhatic 1.8 244
Br— 1.9 0.287
| . aromatic

. 2.0 0.335
aliphatic
1*{: . 2.1 0.388
aromatic -
2.1 0.388
B 1.2 0.072
He 1.6 0.171
Ne 1.9 0.287
Ar 2.0 0.335
Kr 2.2 0.446¢
Xe e

* Taken from refere

nce 6
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Table 3.5: Correction values of van der Uaals volume, for sphere
overlapping due to covalent bonding and branching-e

¢ Y Correction
Bond Bond ¢ ] ¢
length vasue

(A*) (10% A*3)

-0.078
-0.043
-0.060
-0.056
-0.066
-0.056
-0.058
-0.066
-0.060
3 -0.0¢68
-0.063
=0%:07%
-0.113
-0.030
-0.038
-0.050
-0.0472
-0.061
-0.034
-0.079%
-0.040
-0.062
-0.052
-0.0%94
-0.072
-0.068
-0.081
-0.061
-0.053
~0.057
-0.101
-0.07%
-0.08¢6

) a0
i ! 1

i
T==-monmnminhdc=xa
—

(aliphatic)
(aromatic)
r (aliphatic)
(aromatic)
(aliphatic)
(aromatic)

T ; ) Of?r)m
Oz = :
=

2n0cozzmnozomnormx s

!

imonouo

HHHHHHHHHHHNHHP—"—‘HHHDF—-NNI—‘HHHI—“HHHI—‘H
hNNU“NNQNWWO‘-OWU‘BC\th\JO-HHVD\oG:!.G}b(Db:hI—‘Lﬂ

OoNnZ2Z20000nnnooz

oo

C2C (aromatic)
Branching for 4
8aturated bond excep —_—

bonding with H ///

—— B ce 6
Takﬁn fron’l referen

-0.05¢0C
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3.6. Molacular Connectivitly Index

Kiet and Hall?” introduced this additive topological
paramet a7 to drug degign. Here the molecular connectivity
index, )t, signiflies the degree of branching or connectivity
in a molecule. Different versions of WA are calculated from

graph of the molecule. For this

the hydlq“hn-suppxﬁSﬂﬂd

hydrogen-suppressed graph will be decomposed,

purpose the

depending on the X considerad, into uniform parts called ag

subgraph(s). Here two types oOf connectivity indices, simple
index (*)}) and valence molecular

molecular econnectivily

Connect)vity index (-70 ) Ar e discussed. The superscript m iam

Known «4 order of the connactivity index and is numerically
g1 non hydrogenic sigma bonds present g

egual to the pnumber

the particulal %

'hn subgit ,.'.h ot

4 2d molecular connectivit index
A simple varsion of simple "

5 1 L] . >
is first-order connectiv;ty index, Xﬁ and it is computed by

- P (3.5)
'X,: EC]I = 2(616.1) ’
nds to all connections or edges (C,,)

where the summat1iob exte
d 6, and 8, are integers
ed graph an
n-guppress

0f the hydrog?® |
ting the number of atoms adjacent

i LCa
assigned to each atom ind
: i which are formally bonded,
™ ted to atoms 1 and )
connecte
number of S—
. ing this index, only the
ATy in derivin
. d but not the nature
. t atoms Are congidere
Ydrogenic adjacen |
©
in the molecule.
ok wy nd the unsaturatnon
e atoms @&
d&)(, i'l Contl‘ast
1 ular connectlvnty in
ec
The valence M@
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to the ; o
» mimple molecular connectivity index, takes into
account !
the nature of the atoms as well as the wumnsaturation
Present in the molecules. Here the connectivity term, &7
3 Srn, e
defined a8 :
gv & g% = M (3.6)
in which 2v, is the number 5f wileney eleckrons present 18
atom i and Nn. is the number of hydrogens attached to 1t. A
simple version of valenee molecular connectivity index s
first-order valence molecular connectivity index, 'X;, e

G = Btys & Bl 8%, 070 (3.7)

The application of Equation 3.6 for atows beyond tha second
row in the periodic table leads to the same &° value for
cach family member, for example, seven for each halogen and
8ix for each chalcogen. Consideration of valence electrons
(2*) of atom i together with its atomic number (Z,) and the
hed to that atom will give

humber of hydrogen atoms (h,) attac

Appropriat 5" value for atoms beyond second s W e
riate
Periodic table.® 1he mathematical expreasion 1OF this ie:
. i o
év - (Z¥y ° hl)/(zn Z% s 1) ( )
5 = .78 and Spe ¥ 0.26. The 5
According to this® equation “ei 0
g are listed in

Value for s

Table 3.6.
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Only the above discussed connectivity indices are wused
d1ce 2 XY

in ] : -
our studies. Higher order connectivity imds cen ke

discussed by Kier and Hall in their monograph.’

Table 3.6: Valance delta (8v) values for heteroatoms*

Group & Group 8>

NE 2 3 oH | -

NH 4 Q 6

N 5 C=0 6

C=N 5 Furan 0O 6

C=NN 4 0=NO 6

Pyridine N b He O 4

Nitro N 6 Ha O 3

NH 4 2 F 7

Ni Y | 61 n.78®
/\w<* 6 Br D.26"

SNH.' 3 I 0.16*

S 0.67%

‘_ - —
 r——- - ce 7

* Taken from teferen

® Optained from Equatien 3.8.

3.7. Steric Parameter (Es )

2 in organic reactions are-
i ubst1tuent5
Steric of fact of &

ly guccessful numerical
i + general
vary important. The {19

anic reactions FRE
fects in Org&

detfinition of BEERAC ef
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proposed hy Taft.%:-'° Following a suggestion of Inpgold, Taft

defined the steric constant Ez as:

Es = log(Kx/Ku) (3.9)

where K refers to the rate constant for the acid hydrolysis

(denoted hy A) of esters of type X-CHg COOR,

The size of ¥ will affect attainment of the transition

State which 1s an esgsential step for acid hydrolysis by

WVater

Forr  OGAR studies in this thesis, gstandard values for

various substituents have been taken

different paramalaers for

from literature.’
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QSAR STUDIES: RESULTS AND DISCUSSION

AS ‘d]s( 14 Setl 111 ( l[a ers [ nceyr Ch
38 ])
t 2 L 1 - a o7, emothﬁt‘apy LS
LS yﬂ‘ to

receive a
spectacular breakthrough of the kind ti
2 - 12t discove
20y

Of - -
. penic i i : o3 <
illin provided for the antibacterial I
cte ~hemothera
PY.

”O\Jewer
thhere I 1 i nt |
] has nee Subs a .'I_.a progress in r
many aglipct
Lo p dite s =

of c c
cancer a i
regearch, p rticularly bacause of =
= an in e
ncreased

biology which has led to elucidat
ridation

understanding of tumor

of the
.he mechanisms Ot action of i
antineoplasti
s c agents 1t h
Bl as

alygo . P
provided a basis for the i
» more rational desi
1814an of neaew

5‘5,“,1'11 s & i 1’ i vea (94 [2] { o4
N nd wi -hh 1mpro ad h I[ii al s (=] i
— S Zc SCreening sys tem ¢t
J ‘here has

21 fﬁ’ o 0( newer i > -
sue er a!]d 101" & jot
- I Qnt

ba
1 an anthhancemaent in the

anticancer <rugs are being wsynthesised
hies)yse by

compounds. Many

0o s ; 4 l

i anit pakn and taegted f(or their biological activit
oy,

A quantitative analysis of the biological activity
IR and

the physicochemical properties of the compounds will
Pracigely determine the extent of role played by different
Fhvsicpehenléal BEIRBTTLEE of ‘the gonpounds for the doue
EECeptor binding - Further, the correlation equations may ;9

a better compound.

exploited to design

y has been carried out on the

Hence a detailed gSaR stud
categories of drugs having anticancer action o

follo

DV Iing

action and to rationaliz
A

heir mode of

order to undarstand t
the gelection of subatituents. Thus aiming at optimizing the
anticancaear drugs

analogues for

bast potent
purametern of the drug

physicochemlcai

the

Considering
performed.

have been

8tructure, the QSAR gtudies
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4.1 DNA-Directed Alkylating Agents

Gourdie et al.® made quantitative structure-activity

rejationship (QSAR) study on a series of antitumor aniline

mustards and a series of acridine-linkKed aniline nustards

Uhile cytotoxic activities of the former are found to depend

only wupon the electronic parameter, those of the latter are

found to depend upon the lipophilicity of the linker chain

and its connectivity index. This led to suggest that the

linker chain probably facilitates the transport of the

compounds to the DNA and helps them bind with the DNA.

The simplest bifunctional alkylating agent that has

long been recognized for Itms experimental antitumor activity!’

ugeful <¢linical results® i1 amiline

and has also ghown
mustard(1). However, the most commonly used aniline
its two derivativea chlorambucil(1}) and

mustardg® are
melphalan(III). Though these derivatives remain important as

ant icancar druge,they possess & faw drawbacks, They axhibit

high chemical reactivity and, although they act by alkylating
DNA they have no partiCular affinity for it. Thus there can
’ 1

in the potency of the drug before it

be a significant 108%

sy e TR because a high proportion of the drug may be
’

lost b hydrolysls and by the interactions with other
8 y

N macromoleC“1es' Further, & proportion of the drug
e)]lular
leading to onl monoalkylation
: rm, thus ¥
may loose its one @

Consjdered to be genotoxic rather than

eventa which are

3 , s
cytotoxic.?
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Many of these drawbacks can hs overcome hy attaching the
mistard to & DNA-affinic carrier, whiclh may target 1t
specifically to the DNA without any logs in its potency or in
its structure. Uith this logic, a series of aniline mustards
(Table 4.1)¢ and a corregponding group of compounds, where

the mustards are linked by a chain of defined length and

geometry to the DNA-intercalating chromophore, S mrn i rie

acridine, (Table 4.2),°:7 were SPTRERRE B and cheir

cytotoxjic activities and the effect on the activity of

variation in the length of the linker chain studied. Now the

Question as to how targeting & mustard toe the DNA by & DNA-

affinic catitlar ) aads to an incraasae i the cytotoxic

Retivity o the mustards varrants a atructure-activity

Pslatjionship (SAR) study. A quantitative SAR (QS5AR) gives 5

hetter picture of the situation, hence we report here {JSAR

8tudy on the problenm.

The cytotoxic activities reported for the mustarde were

the jn-vitro measurements against murine leukemia P388 and
Chinege hamster ovary-derived cell lines AA8 and UV4. These

Meagurements waerae in terms of the 1 Cso; the G S

Concentration of the drug producing 50% effect on the
Cellg. &7 The HF 1in Tables stands for the hypersensitivity
9.6 &

. the ratio of ICDO(AABJ -
factor and im defined @78
ICy5(Uve), but the values reported are actually the means of

30 4 u
tios and therefore are not identiead to
ra

intra-experiment
vg of AA8 and UV4. The very large

the ratio of reported ICase

cross—linking ability and

t
values of this facter augRes
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smaller but significant ones the formation of the bulky

monoadduct.

Table 4.1: Physicochemical and Biological Properties of
Aniline Mustards

Cl

A%

Cl

o e e Cytotoxicity 103(1/1(:50)-

- P LogHF

SNo R 4 p388 AAB uva ¢
B

=i 527 0.61 6.20 5.54 6.47  1.62

;: g::o —0.17 0.50 6.39 5.49 6.77 1.66
: ot 0.00 1.83 5.83 5.28 6.80 1.52
1e BB 0. 00 1.20 5.09 5.51  7.00 1.49
5 (CHs)eNCO 0.36 1.57 4.72 4.55 5.92  1.72
. 2] 0. 50 0.95 <1.80 <4.40 5.26 >0.90
3- Eﬁjgo, 0.72 2.83 a.41 3.84 4.38  0.54

« Taken from reference 6.
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Tabhle 4.2: Physicochemical and Biological Properties of
Acridine-linked Aniline Mustards
Cl
/
/S
NH ’ //—-N
= g N ”
N r‘//‘\\\§§7
Cytotoxicity log(l/ICsc)"
SNa. X " " (K" logHF
P388 AA8

7 5 2 -0.02 1.59 7.14 6.57 1.73
s v 3 0.26 %l 7.33 6.42 1 3
s O q .64 2.59 7.20 6.55 1.74
1. O N b ) 3.0°9 7.30 6.68 1.66
1 . CHy 2 0.67 1.9% 7.21 6.5h1 1.63
6. CHe 3 1.21 2.45 7.07 6.36 1.56
g City 4 1.75 7 7.09 8 51 L ST
8. CHy 5 2.29 3.45 6.87 6.28 1.56
9 . G 2 0.42 2 57 6.43 bis 9§ 1.38
e - 5 0.79 3.07 6.44 5.96 1.26
11 S 4 1.22 3.57 6.31 5.86 1.32
12: E 5 1.76 4.07 6.42 6 1.5 1.28
oy . ) ~1 .17 3.57 5.64 4.7§ 0.52
14 50, 3 -1.14 4.07 5.58 5.01 0.71
15- b p -0.92 4.57 5.72 5.77 0.15
16. soz " _0.38 5.07 6.12 6.24 0.00
= . the lipophilicity of the whole molecule by

Sﬁitrigrféz?etollnker chain, -~NH(CHg)nX- , estimated by

> 1 7uging Hansch-Leo fragment constants, .
Valu et & linker <chain including the

the whole
ked on both sides.

T

Calculated for
aromatic carbon$g lin

Taken from reference
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For the simple mustards (Table 4.1), Gourdie et al.® had

found that cytotoxicities against P388 and UV4 cell lines had

significant correlations with the electronic parameter o-

(Hammett constant) (Eqns. 4.1, 4.2), having the corrslation

coef(ficient r = -0.91 and -0.89, respectively. I these

correlations, n is the number of data points, g ie  Ahg

multiple correlation coefficient, s is the standard error of

estimates, F is the F-ratio between the variances of

calcuylated and ohserved activities, and data within

9% confidence intervals. In the derivation

e 4

Parentheses ar

ot Egn. 4.1, the upncartaln data point of compound ¢ was not

included. 1y our study, we correlated the activity against
AAE  cell line also and tound that it too is well correlated

with o (r= -0.97). even better than those againgt P388 and

the hypersensitivity factor (BF) was

UV4 (Egn.4.3)- However,

not found so well correlated with it ¢ (c= -0.76)(Eaqn. 4.4).
Now the negat‘v(‘ .j.gp.-ndenco ot CytOtO)(leliee on o points out
cubatituents would greatly affect

that electron—releaSLng
exact mechanism of alkylation of nucleic

them, Although the

acid b aniline mustards has not yet been established,
2 Y

they are gupposed to form first an

(-3
according to many stud1es
eyclice othyleneimmonium ion (IV). The

unstable intermedi1ates
- : would be highly dependent wupon the

formation of this 100

: tom. Consequently th

. the nltrogen 3 } e

density ©o»

8lectron
mustards should be the

ol aromatic
anti{tumor activity of

jectron density on this atom, which can be
1@ @le

function of tf
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affec ) - 2 2
ftected by an electron-releasing substituenit at the
aryl

fite. This proposition is in full accordance to the negati
8 ive

dapendence of cytotoxic activities on o.

Log(1/1Csolroes 5.66 2.01(*0.38)a (4.1)
n=4¢, r= -0.91, = 0.31, Fro.ea = 319.27 (7.71)
Logti/1Cso)uva = 6-42 §. 30(%0 .62 )u (1.2)
ns+9y, p=-0.89, ® 0.46, Fy,5 = 19.05 (16.26)
Log(1/1Can)ana = 5.23 ]1.R3(£0.5%9)¢ (4.3)
L 6, ¥ ~0.97, ® 0.18, Fi,e = 63.68 (21.20)
Log Nk 1.52 .92 (*21.07)0 (4.4)
n=4¢, v = -0.76, 8 % 0.32, Fi.e = 5.62 (7.71)

not found S0 important in the case of

The ¢ was however

The activitios of thesgse

acridine-linked mustards.
mustardg (lable 4.2) were rather found to be correlated with
the lipophilicity (n) and Kier's first-order val enea
index Y& of the linker SHESTn

molecular connectivity

(Eqns.4.5-4.7).

LERE LI T80 Yane = 0.55(£0.24)0 ~ 0.24(% 0.18)n®
(4.5)

+ 6.14

= 12.40 (6.70)

g = .31, Fe.ra ~
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10g(1/1Ca0)pses = 0.27(20.17)m - 0.41(¢ 0.19) X

+ 7.76 (4.6)

n =16, r = 0.88, 8= 0.32, Fz.13 = 22.15 (6.70)

logHF = (.28(%+0.09)m - 0.42(20.10)"X + 2.44 (4.7)

n = 16' = 0.97, s= 0-16. Fg,13 = 89.20 (6.70)

In Eqns. 4.5-4.7 the dependence of activities of

lipoplhilicity of the linker chain suggests that linking

probably affects the activity by facilitating the transport

of the compounds to the DNA site. A parabolic correlation

between 10g{(1/1Csol)ans and 7, however, points out that for

this activity of mustards, the 7 will have an optimum valus

equal to 1.15, meaning thereby that a linker chain having a

n-value greater than this would not be favourable.

The dependence of the activity against P388 and of HF
on 1): too (Eqns. 4.6 and 4.7) suggests that they may also be
affected by the mnature and connectivity of atoms in the
linker <chain. Since there was found no mutual correlation
existing between T and 1;; (r=0.26), thegse two properties
seem to play the rbie independent of the

Since the value of "X increases

of atoms .

lipophilicity of the chain.
as the electronegativity and unsaturation of atoms decrease?,

the negative coefficient of it in both Egns.4.6 and 4.7
points out that atoms of low electronegativity and low
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unsaturation will not be beneficial. Therefore, ftor high
activity, the highly selectronegative and highly unsaturated
atons would be crucial. Such atoms may probably affect the
polarity of the chain, which in turn may help in some wvay in
binding of the molecules with the DNA. The connectivity index

was not found to play any role in the case of simple mustards

of Table 4.1. The 'X: was calculated using a unifiaed

definjtion'® of vertex connertivity index (6¥) for second
and

third row atoms (Eqn.4.8). Thus, Eqn.4.8 in which 2Z¥, is the

valence electrons of atom i, hi is the count of

count of

hydrogen atoms bonded to it, and Z, is its atomic number,
#ives a valuae of &° for sulfur equal to 0.67, irrespective
of its oxidation state.
Zv ¢ =l
R Igessmme——— L (4.8)
Z; = Z"; - 1
87 s has bheen reported to

The wuse of this value of

accurately reproduce the molar refractivity (MR) dita for
all classes of sulfur compounds.*? Ue have also used the gsame
xidation states of sulfur and the VX~

valies of &%e tor all ©

found to give better correlations

thus calculated has been

1 values of 4“s. The reportad TN

than the use of empirica

sr chain including the aromatic

values are for the whole link

Carbong linked on both saides.

70



4.2 Some hcridines Binding to DNA.

large number of antitumor agents are kKnown to

alicit their activity by binding to DNA. The binding to DNA

occurs principally either by covalent bond formation or by

intercalation The bifunctional alkylating agents such as

nitrogen mustards, nitrosoureas, triazenes, etc., enter into

the former kind of binding and the compounds having planar,

polyeyelic nucleus have been found wusually to bind by

intercalation. Gutstanding among the intercalating antitumor

drugs are anthracyclines. They are highly potent and

chomotlhepapeut ically ugeful agents. Drugs belonging £

acridine snerias have also been extensively studied for their

Prdbenma loa 00 properties and anticancer activity.

Analogues of both anthracycline and acridine were also

subjected to quantifative structure-activity relationship

etidias. 4n -opder te find out the role of physicochemical

properties ©f compounds in their activity.'’ The dominant
y hydrophobic and electronic

B

t61lé was obaserved to be played b
pa ters The present communication presents a T
rameters .
= e
C ow series of aceidined (VSVILY

analysis on 8some n

ih ynthesis and anticancer activity of SEETAERS
e =]

geries belongin
reported by Capps et al."®, Sugaya et al. '3,

(Table 4.5) were
4 Cslod ot w5 * Mk respGCtiVely, The Ty

an olody

taken from the literature.>

parameters used were
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Table 4.3: A series of 2—(aminoalkyl)-5—nitropyrazolo[3,a,5~
kl])- acridines and their anticancer activity and
physicochemical parameters.

log(1/IDsoc), L1210 Leukemia
SNo, K Le
Obsd.* Calcd.®

X = (CHg)aneg
r -0.67 8.57 B.84
1. g -0.02 6.40 6.45
3. 9-0Co Ha Dd? g Fa
4, 9_N(Cl{3)z 0.32 6-68 6.45
5. 7,9-(0CHs)e ‘0'64 . o
6. 9-0COCHs e i 8. 51

7. 9—-0COC(CHs )3 0.8 " ’

X = (CHg)aNlieg
0.00 6.72 6.62
8. H 0‘00 7,17 6.62
s 8-0OH —0.67 8.75 8.89

10, 9-0H ~0.02 6.38 6.64

11, 9-0CHa 0.38 6.66 6.58

12, 9-0Ce Hs 0.37 = 8 66 6.57

13, 9~0CHe CH=CHe _0.02 7.00 6.64

14, 9-0CH5, 10-Cl : 8.72 8.73

-0D.64
15, 9-0COCH= 0.87 8.11 7.89
16. 9-0COC(CHs)a ’
e 12.

* Taken from referenc
* Using Ean.

4.9 for

73
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Table 4.4: A series of 6-H-Pyrazolofd,5,1-dejacridin-6-
ones and their antitumor activity.

N Ny
1o I,
N D
977
I All B |
8BS
7 6
Z 0 Y
e e
108(1/1050),HeLa S:
Cells
ShNo . % Y 7
Obad.* Cald.
Eqn.4.13
1. N(CHg)eNHe N(CHe )eNHe OCHa, 4.62 4.59
2. N(CHg)eN(CHs e N(CHz)zN(CHa)z OCHs 4.55 4.59
3. N(CHg)eNHe N(CHz )eNHe H 6.08 5 89
4. N(CHz)zN(CHS)r N(CHa)zN(CHSJz H 5.70 5.89
e N(CHz)gNHz N(CHz)zNHz OH 7.68 7.70
6. N(CHz)zN(CHs)r N(CHz)zN(CHs)z OH 7.70 7 .70
7 NCHgCHa N(CHz )eN(CHs)= OH 8.12 7. .70
9. N(CHg)gOH N(CH:):NHZ OH 7.28 7.70
10 N(CH:):OH N(CH:)ANHE OH 6.96 7.70
11. N(CHe)eOH N(CHe)eN(CHaz)e OR 8.23 7.70
12, N(CHe)eOH N INH(CRe):OH OH  8.10  7.70
13‘ N(CHZ):OH N(CHe )2 OR 8: ;.02 7.70
14. N(CHg)sOH N(CHzgzﬁgz on 7-;; ;;g
15. OH N(CHz )= E .. " .
16 ﬁffg;:;zOH]g N(CHz)zN(CHSJ: OH 7.10 7.70
17 N 0 N(CH:):NH: OH 7.42 7.70

//
13.

e
* Taken from referentc
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Table 4.5: i
s 5t 2 ?eries of substituted S5-amino-6H-imid
=] idi -6~ o
acridine-6-ones and their antitumo; :zziqts_l_
Vity.

log(1l/1Dso), L1210 Leukemia

SNo. R R4 Re n -
Obsd.* Caled.,
Eqn.4.14
1. OCHs CHa H 2 5.78 6.03
2. OCH» CHs CHs 2 6.11 5 .80
3. OCHs Cels i 2 5.75 5.92
4. OCHs CsHs  CHs 2 5,81 5 69
5. OCHs CHs H 3 5.09 5. 68
6. OCHs CHo CHs 3 5.49 6 45
7. OCHs CzHa H 3 5.60 5.57
8. OCHa Coils CHa 3 ?-85 5.34
9. OH €l H 2 7.32 7.25
10. OH CHs CHa 2 6.87 7.01
11. OH Culls H 2 751 7.14
12 . OH CzHs CHa 2 6.60 6.91
13. OH CHa H 3 7.47 6.89
14. OH CHa CHa 3 6.64 6.66
15. OH Calls; B 3 815 §.79
16. OH Ce Ha Cits 3 6.05 6.56
-____ﬂ___,ﬂ¢,__,,,__._,,.__f__
* Taken f{rom roferancsé 14.
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Tt 3
he compounds of Table 4.3 can be put into two diffe
rent

Broups pendin pon - i e
pPs depend a upo X-substituent of th side chai
2 ain.

Gr g B
rour 1 (compounds 1-7) has X = (CHz )zNMe, and Group 2

C
(Compounds 8-16) has X = (CHz)sNMee. For both the groups

ti s » . .
1e activities of the compounds against L1210 leukemia cells

ve
re found to have the excellent correlations with the

hydrophobic constant m of gubstituents at the 9-position

Group 1

o 1.00(10.50)"9 + 3.88(-‘-0.93)(“7)8 (4.9)

LorE fIDsa) B 6.43

Fr.« = 74.70 (18.00)

D-zq'

n o= 2. ¢ = 0.99, 8

)
.

Grou[:

i 4o ~1.29(*0.88)ns * 3.14(%1.58)(mn, )% €4 1.0

10@-(1/10:0) =
16.24 (10.92)

n =9, p=20.92, 8 7 0.49, Fe.s =

In the above equations, IDso refera to the molar
ot the compound leading to 50% inhibition of

cConcentration
the statietical parameters

the 1leukemla cells. The values of
aquations
unts tor 908% of the variance in the

exhibit highly significant

in both the

correlations. Ean 4.7 acco
0.983 and Eqn- 4.10 for 85% of that and in

activity (r”®
ie gignificant at 99% level (data

F-values are the F-values at

both of them the F-valu®

ollowing the

WVithin parenthesis (
equations exhibit an

gince both the

Howeover.
giving the lowest

99% level).
t value of T»

the vord#

inverted parabolﬁ-
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ACti S - . .
1VIity in each case is obtained. Egqn. 4.9 gives (n,)
Yewarey =

0.13 andg Eqn. 4.10 gives (T9 duworse = 0.21.
A combined correlation of Group 1 and Group 2 ca b
’ n Do

had  if an indicator parameter I is used to account for th
e

Variation in their X~substituent. Thus using 7[=q ]
3 or

X = (CHe ) NMea, (Group 1) and I=1 for X = (CHe )sNHe, firsi .

YE€ get the correlation as:

log(lllD:oJ = 6.55 - 1.15(20.46)my + 3-48(i0-84)(W7J8

+ 0.01(* 0.44)1 .

n =16, r = 0.95, 8 = 0.40, Fy,.z = 33.37 (5.95)

This correlation exhibits that the indicator Parameter ;g4
Completely insignificant, suggesting that the variation ip
X~-substituent is of no consequence. Thus without the

indicator parameter the correlation obtained is ag follows:

6.54 - 1.15(*0.44)m,

Yog(1/IDsé )

+ 3.48(t 0.80)(1+)" (2.12)
n = 1¢ r = 0.95, 8 = 0.38, Fe,1a = 54.22 (6.70)
eXpressed by

fact somewhat better than that

which ie in
4.12 giVGB (ﬂ?)wor-t = 0.17, wvhich s exactly

Eqn. 4.11. Egn.
the mean of those given bY Eqns. 4.9 and 4.19. Thus, the
the activity seems to lle around m, = g 17 5 g g4

Minimum of
is value of my wil] lead to an

A  change on either side of th
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il'lCrease -
i v
n the activity. Thus both highly hydrophil

highi
y h :
. ydrophobic group at the 9-position appear t
2 al o) f
the acti s avour
tiv ;
ity, suggesting the possibility of both hyd
ydrophobic

n elect (o] —Snbst +
[‘Ostatic interacti 1 1 u t
d S of 9 i ents Wl
lth
ti‘le

Feceptor. Since no physicochemlcal parameters of substituent
nts

at any other positions werse found to be related with th
: 2
activity, it can be said that the 9-position substituent
* s

have the best orientation with respect to the active site £
Q

the receptor. An ol group at this position sgeems to have an

hydrogen ponding with th
e

E -
pecial af fect through the
Ce . .
ceptor, as the 9-0H derivative {compound 10) possesses h
muc
rivative (compound 9). This

y than the 8-0OH de

h

igher activit

een accounted for by ites quit
e

effect of 9-OH, howeverl. has b

low value of mn.

g seems to dominate the activity of

The hydrogen bondin
ag the only P

ctivity in thie case were

aramotors that we could

Compounds of Table 4.4,

®ignificantly correlate with the &
the hydrogenﬂbond donort and hydrogen-bond acceptor
the 7-pubstituents (Eqn. 4.13). No other
substituents

Parameters f[OF
metars of any

ructural pars

relation with the activity

Physicochemical or &%
Vere found to have any ¢or
Eqn, 4.13 represents a very oignlfﬁcant correlation that
accoyntg for more than g6s of the variance Y e
activity (rc® ? 0.86)- in this equation {, is the hydrogen-
paranolﬂf which is equal to 1 for all such

g OCH; and =zero

a hydroﬂon
n-bond donoer

b
ond acceptor
pond guch 2

n accept
parameter which

roupg that ca
for others, and H, ie & hydrog®
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1s equal to 1 for all
such groups that ca
n donate a h
ydrogen

Ol'ld sSu h =3 . =] a
l) | o3 t ersg S nce Hﬂ haS IN)S- V=
lti 2

coefficient in th i = o
e equation a hydrogen-b
. ond donor at :
1..]1 =

P . . Z
position will be very conducive to the activity Euch
- uc a

substituent will strongly bind with a hydrogen-bond ac
ceptor

Site at the receptor, that would strongly repel a hydr
ogen—

leading to an adverse

bond acceptor group at this position,
effect as reflected bY the negative coefficient of H. in

Egn. 413

5 B9 - 1.31(*1.01)H. + 1.81(*0.77)H, (4.13)

log(1/IDso) =

= 0.47, Fz,‘q = 45-57 (6.51)

n.s 17, o = 0.93, 8 =

all the substituted positions have only

In Table 4.5,
therefore the use of any physicochemical

two substituents;
parameter for the substituents at any position will be
etor for them. Hence it was

g any dummy pacamn

identical to ugin
thought better to find out the activity contribution of SaEK
individual uubatituont at different positions, using the
Free-Uileson approach'® in which 1t jg assumed that:

(4.14)

contribution

1 + E SUbS-

Biological response®

. 1 i f
Wher epresents the activity contribution of the parent
e M T
. squations for the
i erate 16 linear
gtructure. Ean 4.14 will gen
¢t variables and one
ith 8 uubatxtuﬂn
compounds ©f Table 4.5 w1l
:4ple. Ihe gubatituent variablea will
varil e .

Parent structure
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howev
er reduc g
e to only 4, as the contribulions of
5] all the

'aulbstltuellt o8 thll gum to Zeroc a 1S a f
one O t (=)
21

can t}e l['ea‘t ed as 1 []’l(ie erde t var £ I' " -
S al F) 1 n b¢ .\al.’ € llu. 1 . 3
¢ ‘3p n |O|a
.1.

there
would be only 5 variables for 16 1linea
r equatiaons

Thegp 1i v
S inear equations wWere solved by least squa
s re method an
£ d

contributions obtained are shown in Tabl
able 4.6

the activity
In  thi

his approach, the contribution of the parent

: : snt stEactar

: e

o be equal to the avera
ge of the activi
= ity wvalues

Comes out t

of all the compounds.

substituent contribution :n acridi
idine

Table 4.6: Individual
geries of Table q4.5.
x R R' Rl I "
OCHy=-0.61  CHz=0.05 H=0.12 2 -5 0.18  6.29
OH=0.61 CzHs=-0.05 CHs=-0.12 3 — -0.18
r = 0,90, 8 = 0.39, Fa. ot * 11.05, [F""(O'Oi) = 5.67})
_‘___H_#_ﬂﬂ__;__F’dg___/’___’;__,__,__,_f_

4 that the highest contribution te

y

From Table 4.6
the compounda ot Tabl
group. Thus, as in

the activity ot

p and th

y an 8~OCH3

o 1ouest b
e CAN Assume here

an 8-QH grou
pounds ot Table 4.4,

the case of the com
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100 that this is merely the result of strong hydrogen bonding

in which the OH group will participate in the Iinteraction

with the hydrogen-bond acceptor site of the receptor and the

OCHJ will be r"l,..ll..,’ hy it.

Thus the intercalation mechanism ot DNA binding of
acridine wseries seems to predominantly involve the hydrogen

interaction. In the meries ol Vil

bonding or the hydrophobic
(Table 4.5), the next best contribution is shown by Table 4.6

to be made by the f-amino side chain that contains a
smaller number of ~CHe groups (n=2]. The Ri—substituents In

this chain are found 1@ have negligible oeoffect, but an
He-gubatituents at ring D, being & CH; g@roup, seemy to

Produce a steric offect
All the statistical parameters given in Table 4.6 are
quite @ignificant, |ndlcating the validity ef  the
It the activities of

. : sig.
Substituents contribut10n analy
uming the gubstituents contribution

calcul.\ted

found to agre with the observed
e

Compoundg are
e weoll

in Eqn. 4.14, they ar

ones (Table 4.%)-

e and Human Adrenal 3B-Hydroxy-

~Reductas B .
e I S StGFOIS hiSFEGOnaBGIJ—KOtO‘ bH*>-Steroid  lsomerase
As3_Steroid e
Inhibitors
neoplastic diseassa, the

i es of
Among the various typP
ig the most common Al
i hyperplnsiﬂ (BPH)
i
prostrate has

benign prostat
y* The hyper
ted bY dih

plabtlf ar
oteetosterone (DHT )1 7=

aging male.
ydr

been found to ha suppor

a1



g T Pl - DI‘{ s X J21 LR = 3 = .
arjli 1 5 j | < L B Hl‘-‘;(i tO }')p_ Lll‘ ¢ all-‘-.atlua fac tOF Of I‘I
H

I ]]@[ p_'! O = (o] t [ 1 ca me (9] =] e
[._, f I h L t nt. i
. 2 . - = f thls dl‘; as e
s " att .m]’)ts haV{J

been m i
2 €2 ade to 1nvesti ;
= cate the potent inhibi
ibitors of the a
PNzZyme

Sterol - -
oid Soa-reductase (EC1.3.1.30} that is responsible f
2 $ or the

production of DHI from testoste
: Les sterone.*® The invelv
ement of DHT
irn ) i
1 BPH  is supported by the study on DHT-deficient 1
2 cie maleg.

I £ I 3 b = X 3
i 5 e mea eq a =1 ]-)O i [l.‘;eudoll"[llia]’ll[ C’({ltic lacklng Uell
I & © rn v

Although, at puberty, they have

developed external genitalia.
phalljc¢ growth as well as the development of normal mal
ale

Sexual oientation, libido and performance, they lack
2 ac

hairline regression and acne and possess small oftern

r 1

Hhdataectable, progtratas, and never develop tha

dymptomatology ©f BEH. T

The enzyme, stereoid ha-preductase (5AR), has two isozymes

| 5AR and type 2 5AR. The relative roles of these

Called type
patho-

two jSOZYIHeS in t’ﬂ\'ljl(\f)ml‘“rﬂl phyeinlogy and it
apnd other androgen related disorders e

of BPH
yw,er-2+ A pnunmber of 5AR

physioclogy
the gubject Of much current regearch.
inhibjtors have been identified including finasteride (MK-
(6K & F 105657, I1X) which have been

P06 ,v1i1) and epristeride
s The dual inhibitors of type 1 and type

Asgessged clinically.”®
fective in the circulating

2 5AR have been found 1O be very ef

DHT in human.
inhibition of type 1

he dual

iy E1@ atudying t
to gstudy the

However,
d espential

and type 2 LAR, it Wa® also foun
v i I
SBelectivity of the inhibitors against human SASEREL
b I - 3 »
t roid dnhydrngcnanell—keto"‘3 steroid e
5 e

3B-hydroxy- & "
872



merase { AIBHSD)
g v the enzyme whi :
g ch plays criti
1cal role e
- I

St O.d bO i i 3 ed .
.yl’lth,81. - 1 1] 11 2 1 I [=3
ar H J S e S ‘ o Ll]e.‘;p on ‘dp 1 t
U t < ns = atlons F[_
13 Y e

a) . =7 recentl
e y synthegized :
= some 6-—azasteroi
steroids a
S nd

t YU R I ()l l 2 ?J i j i
] FER | on

potenc i b+ selectivi §
Y with selectivity against human 3BHSD Howev
* er, the

whole stud
2 st y of Frye et al. was merel
2 . : =rely based on tri
al-and-
error ; ;
ror factors. In order to provide a rational basis to d i
= eslan
1. : i ibi
he potent 5HAR inhibitors, a quantitative structure-activi
= 1vity

these sleroids has been attempted

relationship study oOn
Three different serias of 6-azasteroids studied by F

; ‘rya

Ot Al . "' arwe listed 1in Tables 4.7 - 4.9 along with their 5AR

inhibition activities. Table 4.10 lists anott
: ‘her

and 3BHSD
sarjan 6t stlaeroids &along with their S5AR inhibition
activity studied DbY Holt et al.®® In Tables, K, reters to
the enzyme inhibition constant and Ilse 1@ the minimum molar
concentration leading to 50% inhibitien @f the enzyme.

ho physjcochemical parameters of the

also list t

Tables
conpeundy that werse found to Dbe correlated with thelr
The values Of these physicochemical parameters
addition to these

Activities
the literature.“ In

wvere taken trom
th81cochemica1 parametefﬂv some dummy parameters were also
the effects of some specific alterations in
relationships,

Used to describ®
activity

To {ind the grructures

performed, using the least

the molecul eg.
yaia was

a multiple regreBSlOﬂ anal

Square method."”
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Table 4.7: é¢-hzaandrost—-4-en-3-cnes and their Sua-Reductase
and 3BHSD inhibition potencies studied by Frye et
al.2? and physicochenmnical parameters.

CONELS

A~

IDI]( 17K 4 ) 3-30n 10']( 1/{Csoig-san ]-0'3( 17K ¢ Yappsc

i R, ¢ "o, hR 0 Iz '
Be Dihee 04 ’ d ahed® Caldd absd® Caled obsd® (alcd
£qn.4.15 Eqn.d.16 Eqn.4. 17

1 _,T“*H—“‘—*”" - 0 0.103 0.103 0.00 0.00 0 5.2 5.80  6.82 B8.50 7.22 7.20
&y i o 640 0.3 0103 000 0.00 0 5.2d 2.8 46 B30 700 720
3w i o 0.0 000 0,103 0.103 000 0.00 85 491 B gzg 09 ;'f,(o
5y & o0 S0 @103 0,103 0.00 0.00 6 546 380 &4 i L e
o . b o3 LB 000 050 O 2@ ISR A e
: (DCH, ¢ 000 =hSa VLT s net 0 S0 470 7.38  6.5& S.82  A.80
M (N Gou “GSE 0103 Quedd D00 Do BB sm owm am
A" : W o s 000 007 D 003 e a1
. & CHo Tl o.g; i 0.ms 000 017 O b 5.62 a.z.:a gg; ;.341 3%
5. H o 8'.1.;1 Cee 0.403 1030 000 013 0 5.8 5;2 333 8% b2 6.3
Ly E-[ 0'66 5% 0,103 1.49%  0.00 -6,13 0 b 2-40 &'31 8'33 5'% 6'34
e h f g0 153 003 1.4% 0.00 0.5 2 s Sl RO A SR D
e,y - aon 2.9 0108 191 0,00 -0.16 ¢ s Rl I8 B T o
3 Fu .00 28 G st 0.0 008 0 30T LO8 S S
Moy - . oo0 O 0403 036 0.00 0.7 0 2O Ter 830 851 800 159
B e & o0 ¢S 0103 0.585 0.0 A 1 S0 BT R BEs nsr T
%o e ‘ a7e 000 003 00T 023 0.00 0 1.2 573 8.8 B3 1.8 7.4
7, g " 77 o0 0.668 0,103 023 0.00 0 POt mm 193 1.8 7.7
1 H 0.8 0.0 Toor 0,103 0.18 0,00 0 bute 3 22

1 g 000 1 0 0 500 4.9 677 873 592 5.9
9, H Voo 1.874 0,103 0.0t 0.0 . 7.95 779 1.3
. UHehl -g,15 08 . a 7.68  7.19 a,41
o Heley 13 ce g.03 =017 000 0 7 A3 .

 Me ¢, 0,00 0.5 0 &S5 Tifs ROy 7.5 108 7.8
& H 0.3 T pisss 0,108 01 B0 % g % 7.62 1.33 179
* M H g 05 O L g o3 B0 0 e B GBI Bge SO
e, £ . w02 0.0 1,030 0. ! 0.7 0 7.09 7.17 8,33 7.97 1.9 1.77
Gy e res. O 0ol 0o e '
3 0.3 .
H -
N RO~
l { &r ance f! [ ™

b, ‘®*ken from re
- 1, 2-a-methan?
“0,pB-Me
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Table 4.8: ¢-Azaandrost—-4-en-3-ones and

: 1=en- their
arnnd 3BHSD inhibition potencies studied by Frye

Sa-Reductawe

al.2? and physicochemical parameégtsers.

COR:

'\\ir /[\
Y

1og{1/Ks) s-n0s 10961/ 1l30)e-sam

1094 17K, d3m1400

S Pa S e Iy ls == .=
iped,  Calcds  bed.
Fqn.4.21

Ol 0.612 0 0 b.8¢ Z'ié 8.49
2 0-2-ag s.p92 0 0 846 S

L N-hadte e 0 4 st 8T B
f‘ Piperazine 2563 10 5.07 ;'ij ;'15
Yo HMorphol ine 433 10 ?'gi :lgf g:8¢
3- Thienor phodrne a8 10 ;'07 (:ta 5,20
'« Fiperagine 2.856 1 0 ?'?0 .3 §.80
S WH(-fluaroenyl e 4382 8N e s
Yo MiCH-Chiorophenylde 373 O T SNl G e
10 Wtet,, g, 742 0 i oib il
M N -y L A X
"2, NHCH(Cyclohexyl e 5,83 0 1 s e
1 - o 1 8w
14' NHCPDJ 6982 0 0 5,92 243 ©.52

v - 561 ' s :
15 v \ 0 g.00 O
o n~Geiyl 4,00t 0 ) a.40 8.8
o Uhetycloexy)) SUSE I

' E,b*dlfluorol-henyl 1-7}0 0 7.82 8.38 -
B Naphatyl I
P 2,4,6-trimrsopropyl grenyl 6.23 ’ L —

= e

27

: e
taken ftom refefenc

86

Calcd (tosd.  Calcd
Eqn.d4.2¢7 Eqn.4.23
8.49 7.9¢ 7.70
= b6.74 7.01
8,89 7.30 732
8.4z bbb 7,01
a.37 4,72 7.02
&.57 7.51 6,83
B.A7 6.96 6,79
9.8 A.99 b.87
g.65  6.29 5.%7
.80 .20 4,76
9,32 7.21 7.43
2.35 5.40 5.1
- 7.00 5.0
9.05 7,96 7.95
- 8.12 7.4
- 7.80 7.94
- 7.9 7.97
= 8.11 7.82
g.5%  5.7¢ b.cf

et



Table 4.9: 6-Azaandrost-4-en-3-ones and their bSa-reductase
and 3BHSD inhibition potencies studied by Frye et
al.®? and physicochemical parameters.

COR4

109€1/Ky } 1-s0n log{1/1ls0)z-3an 1094 17K ) 3p1e0

,’. [g l, :Q

o » L
o, #y Fg K aiher 3 . Ohsds  Cated  Dheds  Cales  Obsds  falcd
Eqn.4.24 Ean, 4.5 Eqn.4.c¢

5 = - - a.o0 0 01 0 5,09 5,88 2.06 9,14 b.82 7.0
bLoHow el g.gg ; a1 0 1 D S ! &D 8.75  S.e6 .08
f. H M te-1-Be p LR OOU . 0 4.1 3,31 8,34 &.35 5,52 7,086
5.od h LB E g-gg Se b0 ) 0 206 b8 BT 8,72 8.18  7.93
4 H-1 B v Gt - Ut y
. i EJ s 0.00 056 101 0 38 5,71 8.;7 ;.;z ;.gl ?.:3
A -1—pt ». b 5 . . L 48
. Ho Me HNH-1 [!J 0.9 w00 0 o 1 0o 2.9 7.29 8.0:» PR g ) It;
2. Me 1 HH-1-Dn a5 0.5 0 0 g 7.2 7.29 8.0/ . B.DO 8-15
A 5 . . 2 - - . .

‘ e Me MH-1-Bu 000 0.00 o oo ! 8.05 8.05 7 o i Lo £
. R el TR ol - G20 B B9
J'I* fe 0.6 000 0 0 00 820 Béﬁ 9f0 o 3}2 8.57
]T M 0.5 0.00 0 00 1 9.40 235 - - 700 7.0
r.fw Hoo1-fu o0 000 0 00 a 7.9 - ) ) % L
,§‘ : : :::1:23 y 0.00 000 10 g ;'ég 2:05 - - 85 .9
C ) g.ap 0.5 00 F ' 2 953 %A 721 b9
o o e omEEE L oy ase 1B D o ;’2; " N R
15, H He fiH-1-Ad 0.8 0.00 v p 0 U 8”—-.' qu'b - = a.03 7,34
:; EBr H NH-1~?:11 o5s 000 @ 00 0 g-zg o7 877 BSS B08 A5
W e Wb oap 0560000 0 Bl a4 G4 %30 175 A
L. Br e HA-1-8d % 0.5 @ v 0 5'-’ " - AL ED 7.04
9, Ha He fH-1-8d ¢.36 L ;0 o 7se D -~ -
e Ma o0 ¢ 20V _ ; - 6.00 &.08

.'H"F'h 0.00 U, 0 7 iz 6.6‘8
H H o HH-CH-Phe o0 000 ¢ 0 - "‘q g05 %790 5,83 7.5 7,93
ke wghphe b OB g 00 0 B Y g A B 5
i3 H-Pf O.UO e . o b 47 6-88 s ,
2. H nhe HH-(H-Fhe (g5 | @ 0 ¢ o - - 7375 P A8
2w pr WCHPhe b 000 JL oo B & —
24, Me K NH-(H-Phz 8.3¢ ".”___._—-—-—-—-_—’—.
e
R 27

* taken from reinsranc?®

b = g
¢ = 1,2-a-mathan?



Table 4.10: A HRing carhoxylic acids and

SHo Ry R,

— e

H oo1-Fr
H H t1-hu
H H 1-Pr
H H 1-Pr
H H (S TP
H Fooa-Pr
Cl H 1-Fr
H ¢ a=kr
Br H -Pr
H Br a-Pr
CN H 1-Pr
H (N 1-Pr
cooH A 1-Fr
CHy H 1-Pr
H CHy 1 Pr

their

inhibition potencies studied by Holt

physicochemical parameters.

S5a-reductase

et al . ®#®

log{ 17Ky ) rae

Hogl1/%i bngnan

Calcd, Obsds  Caled,
Eqn.4.27 Eqn.4,28
539 .70 7.8
.26 1317 7.43
.39 7.52 1.5
4,25 7.44 751
£,76 1.22 7.16
8,55 &0 7.82
639 746 71.32
5,41 b6.82  b.69
6,39 7,12 1.06
S.64 b6.87 6.69
6,39 7.1 7.2%9
. 6. 70 6.7
- S.30 7.2%
6,2 7,22 7.36
5.23 &.5% 673

R2 ~ :T:\:\ ’///’
T ]
%L - Lo
0/
o« Re
th)y Oihers e HRa T In  lun -~
.______._,______._.../__,______
o 1.03 1,03 g.00 0 O h,45
1.03 1.03 go0 1 @ 682
" s o + 03 1.03 0.00 0 1 63
./\' At 1.03 3,00 0,00 B o1 6.f6
" 1,03 1.@3 .00 1 1 6.70
o 1.03 0.5¢ o6 6 9 6.30
6:03 1,03 0.00 0 0 6.70
.00 6.03 g2z 0 0 5.0%
8,88 1.03 0.00 0 0 6.59
1.03 8.88 p.23 ¢ 0 5,72
6.33 1,03 0.00 o0 0 602
1.03 &3 o.6e 0 0 -
6.93 1.03 0.00 VY 9 -
.65 1.03 o 0 U b.j;
;_03 <45 -0.17 o 0 5.1
RIS s
I

= taken

from rete

rence 28.
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For the i ibl
ink cior
nhibition potencies of compound i
s in Table
4.7

2 b s cO t bt pd
*th 3 t . S

1‘[‘613 i ns ~ =~ = f 11 S
e s O o aln were as O OWS ©

log(i/K
l)v shh ~ 489(1210)111 = 4.42(3221)Ln1)d

1.32(21.14)0e ~ 0.43(%0.34)MRe

g.88(20.82)1 + 5.837 (
4,15)

n 7 4 =
. = 0.88, s = 0.50, Fa.07 7 12.07 (4.34)

lo .
e(1/1Cs0)z-san = 1‘28(10,37)"3 = 1.52(10.QU}NR2
26)(HR1)= ¢ 7.29(C21.91 )4

- 0.51(%0.
4 8.06061 (4.16)
W 9y, p o= 0.90, 8 F 0.45, Fa.tn © 19.32 (4.58)
log(1 /K, Jaseman ~ 0_93(:0.74)(n.)8 _ 0.36(20.32)(FR4)F
= 0_58(10.20)(11.3)E 3.36(%1.19)0e
¢ 7.204 (4.17)
R = za, po® BH0i ® . 0. 52 Esiv® 19.05 (4.58)

ne the uubncriP‘B to pArAmeterd LR

In these equatlv
refsr to the substitueﬂts g, and Re s rnspectnvnly, The Values
ot all thes® paramatoxs have been taken from T
literature.”’ A dumny parameter kA pgit. 0y 13 hes been
uged, with 2@ value of unitye to describe the of fect
oiety-

of 1,2—G—methan° m
~ant correlationa

ese equations exh;hxl
atrerns of deP

endency on the

a1l th

ihat Ehe B

but |ndicat0
g9



variables i
€ ot all the three diff(erent erizyme systems ar
€ not

all .
the same. The hydrophobic property of R;-substituent ;
is

shiown to affect the inhibition of type 1 5AR and 3BHSD b
ut

¢

SAR. In both the former cases, the inhibition

not of type 2

potency is found to have a parabolic correlation with n but
1, bu

while for 1-5AR there would be an optimum value of wn,(w )
- ) 1.0P1

suggesting that the activity will not be

r,

equal to 0.5%5,

favoured beyond this value, for 3BHSD any value of
9

poLi EiveE o negative, will always increase the activity
Rr-substituent, whether hydrophobic or

Similarly, an
hydrophilic, is found to always decrease the inhibition of

3BHSD. The Rr also produces the negative eaffect on the

inhibition ol 1-5AR, but in this cape its effect 18
dascribed by molar refractivity index and not by hydrophobic
barameter., The latter was found to have poorer correlation
with the activity than the former in this case, but the
the case of ABHSD. However, in both the

reverse wasg trus= in
cageg, the electronic effect was found to be L
congistent. Both Eqns. 4.15 and 4.17 exhibit that 5%
will enhance the

Re-subgtituent

electron-releasing
in the potency may be

This increase

inhibition potency-
dus to the increase in electronic charge by the donation of
Ke-substituent &t some crucial position of the compound that
needs the highest negative charge for the strongest
interaction with 1-5AR and 3BHSD enzymes.

Such commonalties were, however, not observed in the
cass of 2-95AR inhibition. In this <a88, Eqn., 4.16 =suggests
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t!)a-t c lly 01 ()l)l R ."Substlt er W [ o
dl_“ onaquclv 't
-
th-

activity,

adverge

but 1if

effect,

it i i i
8 highly polarizables there would b
8 an

as tlle Hlolar [eflilCLlUlty ll’ldex fOl | (23
-h..l o

Stit 1
Sub ue i V
haS a negatlve COP.ffl'Cient and -t -5 meaga e
nt ] 1 a asgur H
easure o

--polarizab

molecular

tells that while the siz

Negative

an jncereagsée 1n

substituent

Crucial

Negatively (or

1Y ity,

gize.

effect,

position

; ] .
nteraction with

Any

be of little value f£°

that 1,2-a-me

besen usged

on the inhibiti

Ue

inhibition P

exipte a

and 3BHSD

commonalt

Such notice
2-5AR inhibit

inhibitions (Ean:

also

other chang

in Ean.

noticea

ies ©of

the activity.

probably

niehly

thano SCOUFR:

aon Of

a“,]lyn‘d

otencies (E
ble

inhib

able corre

jong

‘VJ].- o o i
5 o83 3 I Of

Regarding the Ry-substituent Ean 4
; . .16

e i
e

its electron-withdrawi
ing nature will 1
ead to

By withdrawing the electron, t!
. 1€

reduces the electronic charge of th
e

of the compound, which ought to be 1
2 aasl

positively) charged tor the stro
3 ngest

the enzyme.

es at any other positions were found t
Q

~ the inhibition of any enzyme exc
' ept

for which the dummy parametser [ ha
p=}

1.15, is found to have some negative effect

1-5AR.

the mutual correlations among tbh
16

4_18‘4-20) and found that there

qna .
een type 1 bBAR inhibition

corrolatlon betw
(Ean- 3.183 =nd this explains the

mical prope

ltioll
rties governing them

thSiCOChe
und between 1-5AR and

were not £

gan. 0.19) of paetween 2-5AR and 3BHSD
4.20)
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loplidK, yo-nan = 0.60020.99) cal 1 K dawnags + 1.600 (2.183

Fi.za = 18.61(8.02)

n =23, r =0.69, s = 0.69,

= 0.54(¢20.39)10g(1/1Cs0)r-5ar *+ 1.468 (4.19)

BOg et 1Ky 0 = spm

Fa,za = B.&8B (8.02)

"
1i
o
o
=
0t}
|
Q
o)
fou

_
i

23,

0‘52(:0.32J10Q(1/K1)BBHDD + 4.370 (4.20)

]OQ[J/](go)g—:nn

Ao 25 g om 0.60, 8= 076, Fiaee® 11,70 (8.02)

: here the study was
: to the compounds, W
Table 4.8 lis
{feact of variations in the substituent ot
Mmade  on the @
potencies

s For these compounds, the inhibition

I1~position:*
relgted with Kier's first order valence

were found to ba CcOT
index( "X )?° of the varying R moiety

molecular connectivity
{tion This index signifies the degree of

at the 17-pod .

ation, and the molecular size of a moleculae
branching, #atur :
Correlations obtained were as follows.
The
Or a group.-

85(+0 bHJ'X"’ = 0-07(t008J(1XV)8
0.85(*0-

log(1/Ks)r-aan 0.89(0.61)1,

. 2.43(*0.70)1

(4.21)
+ 6.282

19 S2LCBa AL

F._lf
g7 . o= Oe 83 @7 028

a
i
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=NAnm

- 0.09(2p 07)(1)9)3
L.O6(£0.6197. 8.043
(4
. 91, i Fs 1. 0208 655
l & ]
| Yoran = 0. 5000, 51y 0-1“*0-07)(‘)0)"-’
= U.98c28.53)F, 0.57(20.45);,
1 7.438 (4.23)
“ p W= GO, B OE 0P P g 17.22(5.20)
'n the derivation of all these equations, houever, S0me
COMEG i1 efss that were found misfit In thaem Vere excludeq,
f'mﬂ'tuuh, / and 19 were excluded from Eqn. 9.21, 3 and ¢ from
Ean T.44, and 13 was excluded from Eqn. 1.23. Sinee thege
COmpounds Were not common, it was found difficult to explajn
thejr aberrant behaviour.
In all these equations, the two dummy parameters ., and
le Were uged for the groups that contained nitrogap. The
‘ormer was for a group that had nitrogen in the Fifg and ey
latter wag for a group that had nitrogen anywherg. Both thae
Parameters

asgigned a value of unity for the group
were

for
Yhich th stand and zero for others. In Eqns. 4,21 zn4 4.23.
-~ ey
i ffic‘ient .
th a negative coe . Quite
both I, and I are present wi
. 1 suggesting that groups
i fidence level,
Slgnificant at 95% con
itrogen will not be conducive to the inhibitjon
Containing nitr
Of 1-5AR and 3BHSD enzymes.

However, in Eqn. 4.22, fio

li()"
. . - I - -
t)e Slgl]lflcant, henCe g[ OUPE cen a‘-l])lllﬁg

fOUHd to

23

.,_"."



anywhere but not Imn any ring were not =o detrimental f{or the
5 p|

inhibition of 2-5AR. The parabolic correlation of -

inhibition potency with fx; in each case, however, suggested

a limited bulk and saturation of the group willi

that On]y

favour the activity. Table 4.9 lists the compounds

where the variation were made in A and B rings with different

Ciy groups., The best correlations obtained for the inhibition

potencies for these compounds were as follows

= (.73(20.67)m, = 1.17(20.45) 13

log(1/1Ca0}1-2ax

L 1.17(%0.51)14 - 2.57(21.05)1e

+ 8.05 FE B
n = 24, <= .94, & < 0.45, Fa,12 = 35.24 (4.50)
log(1/1Cao0dz-nan = . 08(e0.A0 s = 1.15020.27 s
_ g.78(20.47)1s -0.40¢:0.2%)14
= 0.73(:0.35)"3 + 10.29 14-25)
R = 14 ¢ = 0.97, 8 7 D.18, Fa.s = 25.71 (6.63)
: .+ 1.09¢:0.49)1s
log(1/1Cso0)annsp = 0.75(+0.59)7
_ 0.98(%0.48)1+ 7 2.22(%1.07)M=
(4.26)

1.18(20.85)(11,3)2 + 7.06

= 20-03 (4‘34J

- 0-923 b= ] ;0'41' F”"
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in these equations the dummy parameters [, Ta I s
’ [ b ] @l

I« were used with a value of unity to show the effect of 41

unsaturation, I,2-ax-methano moity, and NH-tertiary Butyl

(NH-tBuy) and iso-Butyl (i~Bu) moities at C.», position

respectively.

all the equations were found to exhibit

Once again

significant correlations, but here also patterns of
dependency of variables of all the throe enzymes systems are
not same. The hydrophobic property of Ri-substituent 1s
inhibition of type 1 5AR and 3BHSD. A

conducive to the

negatijve co-afficient of Ty and wy in Ean. 4.25 suggests that

the fHydrophobicity of both Ry and Rz-substituents decrease
for 2-5AR. For aplisSh, inhibition potency has

tho  activity
The Ty hag an optimum equal to

parabolic correlation with Teg

0.94, implying t+hat the activity will not be favoured 1f Tmg
exceeds this value. But ne does not play any role against
1-5AR. In both 1-5AR and 2-5AR, the negative co-efficient of
(Eqns. 4,24, 4.25)

faid I and Is

parameters

the dummy
and NH-tBu

sBuggegts that Al unsaturation, 1,2-a-methano
has detrimental effect

o the activity. I

decreas

Bubtituents
found to be

inhibition of 3BHSD and 1z, la were
shows

even on
e co-efficient of Ia

tiv
insignificant. However, posid
" ble and adds to the
n z (.!v 18 lﬂVO“r“
that i~Bu moiety at
; ‘ule was found to be of
in the molecu
Any other chang®

activity.
¢ any type of the enzyme.

little value for the inhibition ©

25



The steroids studied by Holt et al.*® (Table 4.10) were

actually steroidal & ring aryl carboxylic acids. Their

inhibjtion potencies were studied against human 5AR as well
isozyme., For

as rat 5AR without digtinguishing the tvpe of

this serjes of compounds, the best correlations that had

surfaced by the regression analysis were:
0.16(*0.06)HMR,

10g(1 /Ky Jrue = 2.36(%1.50)0s -

+ 0-37(:0-36JIH + 6.560 (4-27,1
n = 13, = g.92, 8 = 0.2a, Fa,s = 17.32(6.99)
Nog id il Inanan ™ D271 = 08102017 I0Ka
¢ 0.03¢£0.02CMR.I" = 0.02(+0.04)NRe
(4.28)

0.35(%£0.26)1s — 0.27(x0.2431un

= 23.60(6.63)

o
i
I
o
~0
~J
n

14, r

the dummy parameter Ir has been used

In these aquations,
£ g group of CUONRe moiety at the 17-position. et g
orr the &
(¢ Re = $=B8 g, and zero otherwise. The other
equal to 1 r - o '
1 has been uged for the compounds 3-5 that

dummy paramelsl
h an pot only in £I08 A but also in some other
ave wunsaturatl
1t unity these compounds and zero for
3 : -~ ;
rings. It is equs

the rest.
; =) exhibil that rat 5AR inhibition
tion

aqua
be predominantly governed

Now these
by

ounds® will

the comp
the q -

ol -
Lol and the molecular siza of
.roper‘:y

the electronic ¥
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u Il I s = é: al) 1 1 W b
. t SR 5 1 r 1
Sltt;&tlt & 't S (alpt'll on—wi l,l (i awWwirn 1 ty e Ve y
B

conduci PR
1cive to the activity but as itg size would iner
= rease the

activ] i e
1ty will decrease, bhecause there is a t
negative

sis . .
etficient of MRa in Egqn.4.27 However the positi
’ = I i) 1ve
. G % 3 g
ocetticient of le in this equation suggests that a terti
iary

in CORs moiety will have an additive effect Th
w2k 2 . =]

butyl group
Z-position subgstituent and the unsaturation in rings otl
: e

to have any effect on rat 5AR

than ring A were not found

inhibition. On the other hand, these two plus the t-Bu group

4.28 to have negative effect on the

in COR, are shown DbY Egn.

humar §AR inhibition. Also no electronic property of
the fg-gubstituent wWaH (ound to play any rolse in human 5AR
its pi1ze was not that detrimental to the

inhibjirion. However,
Potency im this cage. Since Eqn. 4.28 expresses & parabolic
between the potency and MR., the potency vill

Correlation
MR. = 7.63, after that

decreage only upto & ]imited value of
i vill increase. Thus & substituent having MKs larger than
:avourable to the activily againat human

7.63 will always be

5ap

g between rat and human 5AR inhibitions

]'he"e dl‘{ﬁre
the

to the gtruct“r“I differences between

to exist

may be attributed
y poor correlation

was found & ver

There
nde against these two enzymes

enizymes .
5 @F compou

batween the activitie

(r = 0.56):
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Table 4.11:

Mutual

correlations (r-values

used in deriving €quations

Eqn.4.15
"y (S % ”Kt 1
L 150 0n.020 0.491¢ a.18%
O . 1 .000 G.139 0.1148
MR 1.000 0,138
I 1.000
Edn. 4.7146
Mg ”Rg '(”R1JE T 4
e 1.0 0.730 0.214 0.050
MR, 1.000 0.3148 0.062
(MR, 37 1,000 B 93
MR- 1.000
Edri. 4 .17
Cits J®  (MBR5)% (Che)¥® Oz
: 0.32058 0.000
(14 )E Yoos O 6.4523
(MR, 3@ 1.000 0.258  0.013
- 1.000 0.274
Tl 1.000
Og
Eqn. 4.27
Ga MRa In
Oa 1.0 0.513 0.115
MR 1.000 0.223
I 4 J 1.000
[, ]
Eqn. 4.28
T n
MR 4 MRe In
117
0.248 0.3
.0 g.371
MR 1 1. 000 0.250 0.31:
”R: i 1.000 0-28
In t.000
Loen -

variablesg



i1 we compare Eqn. 4.27 with Ean. 4.16 ve find that both

t : A
he equations exhibit almost the similar effects of the

4~ gl g
RoaLtLeh cubstituent (see the parameters related to

R.-substi & ’ .
s -substituent in Eqn.4.10). Thus we can say that the rat 5AR

nothing can be said about

enzyme may he of tvpe 2. lowever,

the nature and type of the human 5AR studied by iHolt et al.

as . : N s _ .
no similarities exists between Eqn. 4.2& and any of Bt

4.15-4.,17.

4.4 Antimitotic Chalcones

The mochanl #8m by which the anticancor drugs gelectively

kKill cancer coll® han not been clearly wstablished, but
“vidences ponnt‘oﬂt that these drugs might interfere with the
Synthegis 9OF function of nucleic acids or with the mitotic
Procaens jtaelt. The interference in the mitotic process Can
be brought by l“hlbiti“a the microtubule aggenbly with
binding in A jrreveru1hlo manner to tubulin.®’®

The chumlcal“ that axert thelr anticancer effects
through the Anhihillon of mitotle process include vineca~
atives, podophyllotoxin, and some

LL:al i i [ det‘iU
Compoun:le‘ L :l. the excepti0n Uf ] ] - .

miscellaneous
of microtubule assembly arse

inhtbitors

(X), raveraible
t clinicallv useful . Colchicine's reversible
generally ¢
fubulin has Pesen found to be different from
binding ®it® on .
o L A recent reviaw on structure-

that of
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activity relationships ot anticancer drugs has delinesated the
important structural features of antimitotic agents.'? F
2 ants. or

colchicine, thege features were supgested to be the methoxy

groups on ring A, the amine group on ring B, and the carbonyl

and methoxy groups on ring C. However the combretastin (XI)32Z

and a nimilar compound X11#°, with no B ring, were found to

exhitit tubulin binding ' 1 the same order as that of
colchicine.
A recent astudy®** has shown that appropriately
Substitutoed chalcones, &aW typified by compound XIII, can also
act as antimitotic agents.

bind with tubulin and

of Edwards et al.®* that have been

The chalcone series
QSAR analysals are {4 g6ad Ih. TEVLEs A.i2-d.id

8ubjected tO
along with their antimitotic activity. the ED (equivalent
dome) in the tables pefors tO THE CONCANTTATION of the <test
ave the samne mitotic index as 0.05%

Compound (ug/mb) that &£
e in an in vitro assay system (Hola Selle). 74

ug/mL colchicin
namely the hydisphobi e

gal paramebers

The physiCOChemi
nt ¢ (Hammett constant) which

o coﬂsta
constant n and glectronjc
in the the correlations, were taken

to be uaotul

vere found
e method was applied to

. 1ea8t squar

ture.

from the liters

find the correlatlon-
ds of Table 4.12, the Dbest correlation
un
For the compo
A2
py Ean-
that was obtained ig A8 shown
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-——NHCCH3

HqCO @0
H4CO 0

H3C0
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H5CO

F 0

, l

H3CO CCH = CHO—NHCCHa
L B

H3CO
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Table 4.12: The Antimitotic Activity of Chalcones and Related
physicochemical Constants.

R. — 0 0

4 I < : i
/‘A\ — (=~ CH=CH /B \ ~NHCCH;

log(1/ED)

SNo K Ta Mo Zia
Obsd.* Cald.,
Eqn.4.29

1. 3,4,5-(0OCHa }a ~0.02 -0.04 -0.27 2 5% 2.52
Z. 4 — OCHa -0.02 0.00 -0.27 2 51 2.50
3. 3 - CFa, 0.00 0.88 0.00 1.60 1.60
4. 4 - t-Bu 1.94 0.00 -0.20 3,60 3.60
5. 4 - CN -0.57 ¢.00 0.66 1.60 1.60
6. 4 - C(O)NHg -1.49 0.00 0.36 2.51 2.50
7. 2,5~-{0CHa)a 0.00 0.00 0.00 2.20 2.21
8. 2,8,6-(0CHa ) -0.02 0.00 -0.27 2.51 2.50
9. 2,3,4-(0CHa)s -0.02 -0.02 -0.27 2.51 2.51

—_—

» taken from reference 34.
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Table 4.13: The Antimitotic Activity of Chalcones and Related
Physicochemical Constants.
\ 0
/0 W A S
co =/ 1 Y-ben =
H,CO
: log(1/ED)
SNO R fip MNa 4]
Obsd.* Cald.
Egqn.4 . 30
1. 4-NHCOCHz 0.0¢C -0.97 0.00 2551 2258
2. 4A-t-Bu 0.00 1.98 -0.20 2.60 2.66
3. H 0.00 6.00 8.00 3.82 3.40
4. A4-SCHs 0.00 0.61 0.00 A 52 2,47
5. 4-N(CHs)e 0.00 0.18 -0.83 4.82 4.95
6. A4-NHg 0.00 -1.23 -0.66 3.82 3,35
7. 4-CN g.00 -0.57 0.66 2.51 1.82
8. 4-Br 0.00 0.86 0.23 4.82 2.98
9. 4-CFa 0.00 0.88 0.54 2.20 2.82
(0. 4-NOg 0.00 -0.28 0.78  1.60 1.84
4y 2-C€Fa 0.88 ¢.00 0.54 1.00 1.00
1 D 3-NHe 0.00 0.00 -0.1¢6 3.82 3.69
o
13 g0 0 0.00 ~1.53 -0.50 2.20 2.53
0 1.16 5
| R e 0.0 ; -0.51 2.20 4,14
14 A Co.cHs  0.00  -0.37 -0.15 z.51  3.45
15. 1-0Cz H> 0.00 .38 -0.24 2.82 3.92
16. . 00 1.18 =-0.90 5. 12 )
(7. A4-N(CeHs)e 0.0 -

« taken fro

m referenc? 3a.
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Table 4.14: The 2Antimitotic Activity of Chalcones and Useful
Parameters
\4..’:'_' \
<,- A ; C = CH /g \»—,iv
\ | St
log(1/ED)
SNO R’ R i Ip Im Io D Fu
(R) Obsd.= Cald.
Eqn.4.32
L B N(CHs Je 3,4,5-(0CHx)a 1 2 0 0 0.0 4.82 5.22
2. H N(CHz )e 2-0CHa o 0o 1t 6 0.0 3,82 3.55%
3. H N(CHa ) 2,4,6-(0CH3 ) 1 0 2 0 0.0 1.90 2.16
4. H N(CHu)e 2,5-(0CHa)e 0 1 1 @ 0.0 5.12 5.08
5. H N(CHa )e 3,4-(0CHs )= 1 1 0 0 0.0 2.51 3.69
6. H N(CHa)e 2,4-(0CHa )= i1 0o 1 0 0.0 220 2.16
T: B N(CHa Je 2.3, 4=(0CHs )a 1 1 1 0 0.0 4.82 3.69
8. H N(CHs e 3,5-(0CHs)ez,4~0H 0 2 0 0 0.0 2.51 6.56
13' gH 222235)” 2+3,4-(0CHa)s 1 1 1 1 o0.0 3.82 2.86
11. CHa N(Cs s)e 2,3,4-(0CH3)s 1 1 1 1 -0.04 1.60 2.86
11, CHa N(Cr-Hs)e 3,4,5-(OCH;)s 1 2 0o 1 -0.04 5.12  4.39
v2. Cha BLteHadu 2, 8-(0CH, ). 6 1 1 1 -0.0¢ 3.82 4.25
13, Br DL Sud% 2,5-(OCHa e 6 1 1 0 0.44 5.12 5.08
14. He NCTHSZA 2,3,4-(0CHs ) 1 1 1 0 0.44 3.82  3.69
15, Br NCCH2e" 2. 8,5 (0GH0g 1 2 o o0 0.44 5.4z 5.22
16. €1 N(CHade  2,5-(OCHs5 ). 0 1 1 0 o0.41 4.82 5.08
17. Cl N(CHz )= 2,3,4-(0CHa), 1 1 1 0 0.41 4.82 3.69
1. C1 MCHxde 2.3.5700 el Le 700 @ J0JHA 258 | 512
19. CeHs N(CHs)e 2'3:45é3CH3)“ i 2 1 0 -0.05 3.82 3.69
20. CHs N(CHs e o s e 0. 1. 1. 0 =0.04 &.&2 5. 08
1. CH, N(CHa)z 2 34 4~ (0CHs )= 1 1 1 0 -0.04 2.82 3.69
22. CHa N(CHsJe iLjLELEECH=)= 1 2 0 0 -0.04 4.72 5.22
« taken from retnrenue 34.
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In this #quation data within the parenthesis are 29%

confidence intervals,

Log(L/ED) = 2,21 - 1.07 (20.04)04 - 0.69(0.04)ny

i 0.40020.01)(ma)® (2.29)

r = 1.00, s = 0.01, Fs,5 = 5203.46 (12.0¢)

This equation exhibits a very very high correlation and
suggents that among the substituentz at ring & of chalconas

(XIII), the dominant effect on the activity would be produced

by the electron-releasing subastituents at the 4-position, the
para position. The occurrence of (W.)" in the equation

with & small positive coaefficient indicates that the para -

subgtituents may also atfect the activity to some extent by

their lipophilic¢ character. However, a comparatively large

negative coefficient of mz in the equation suggests that the

subatituentas at the Jd-pomition, the meta-position, may

produce the steric effects.

For the compounds of Table 4.13, where the substitution

varies at ring B, the best correlation obtained was:

3,40 ~ 1.80(20.58)0 + 0,41(20,31)n,

log(1/ED)
0.49(*0.27)(ma)?% - 1.63(%1.28)n, (4.30)

.94, » = 0.46, Fa.aa'= 19.75 (9.07)

5|
"

15,

o
|

. 3 eant for the substituent at any
. ation, @ a9 W
In this eaY
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POSI1t)an and thugs its high nepative cosfficient indicates
that an electron - releasing substituent at any position will

highly favour the antimitotic activity of compounds. However,

the subgtituents of f-position appear to have a gmall

POositive etfect on the activity by their lipophilic character

also, but since the correlation is parabolic in 1,, this

effect is limited, and Eaqn.4.30 gives an optimum value of .,

- subsgtituent having

equal to 0.42, suggesting that any para
a mn-value higher than this may be detrimental to the
activity. Similarly, a substituent at 2 - position, de facto
the ortho-position, would also be detrimental to the
activity. Howaver, since there is only ons substituaent at
thie position, one can not wmay what property of i

al this position, would negate the activity. in

substituent

the place of mwg, one might use a dummy parameter as well.

For the chalcone series of Table 4,14, where only one

kind of substituent is present at ring A but at d i ferent

positions and where the ring B ig Substituted only at the

para - position, we became interested first in quantifying
the positional effect of a particular kind of subgtituant

i.e., OCHs group at ring A and then studying the effect of

dialkylamino group at para - position of ring B. Since the

chalcones of Table 4.14 have also substituents (R') at C. of

the propene chain, their effect was also analysed. Since

there were not much variations in the substituents at any

molecules, we used only some dummy

pogition in the

parameters ag defined below, for the QSAR analysis of +thisg
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ferien o1 compounds.

For the ring A, the threes parameters Ip, Im and lo were

given & value of 1 esach to account for the presence of OCH,

group at po, m-, and o- positions, respectively. If hoth the

Meponitions or both the o-positions were gubstituted then the

corresponding parameter had & value of 2. For the ring B, a

dummy paramaetaer D was usaed to account for the eoffect of

N(CHs )e and N(CgHs)e with a value of 0 and 1, reapectively.

Fap the propene chain substituents R, which had some

variationn, we used the fragment constant (Fr) of the

11pophj]ic1ty.‘° The wume of this Fr and all the dummy

parameters revealed Egn. 4.31, which shows that the two

paramat ere lo and Fr are highly inaignificant at 5%

conl idence Javel. Hence when we dropped them, there was

little effect on the significance of the correlation (Eqn.

4.32). Though parameter D also appears to be insignificant at
905% levael, its deletion led to & considerable decreaass in the

algniticance of the correlation (Eqn. §4.33).

2.89 - 1.31(20.83)Ip + 1.73((*1.09)Im

I

log(1/ED)
+ 0.38(%1.23)J0 - 0.74(*1.00)D

U.79(t2.06)Fr(R4) (4.31)

+

r = 0.85, 8 = 0.75, Fa.+a = 7.14 (4.69)

n = 20)
log(1/ED) = 3.5 - 1.39(20.79)Ip + 1.53(%0.62)Im
- $¢.83(*0.89)D (4.32)
20, r = 0.83, 8 % 0.74, Fa,1e = 11.86 (5.29)
n = ' ' !
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W
~—

3.49 = 1.40¢2U.835x1p + )1 .43(20.66)Im (4.3

log(1/ED)

n =20, 0 = 0.78, s = 0.80, Fz,, = 13.53 (6.11)

Thus the correlation expressed by Egn. 4.32 appears to
be the best one and can be therefore uged to draw some

conclusions. [t indicates that a methoxy group at Lhe para

positions of ring A would lead to a decrease in the activity,

the same at the meta positions may lead to, almost ot’

while

an equal order, an increase in the activity. Regarding the
ef fect of a dialkylamino group at the para-position of ring
3, L ia indicated that a bigpger group will reduce the
activity. These findings about thig geries of compounds do

corroborate with thogse obgserved for compounds of Tables

4.12 and 4.13, where the electron - releasing substituents at

para - posgitions of both rings A and B were found to enhance

the activity. The one reason to this disagreement can bhe

attributed toc the substituents R' at C, of the propene chain,
which is a linker chain between the two rings. These
substituents may affect in an irregular manner the
flexibility of the molecule about the C(0)-Ca bond, so that
the orientation of the phenyl rings and of their substituents

become unpredictable. For a series of analogues of

GiibEatagEin (XI), it was observed that the restriction in
the free rotation of the two phenyl rings was essential for
i i beELE activity. "7:2*® The other reason of this

their ant

y be the use of only dummy parameters for the

disagreement ma
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compounds of Table 4,14. The dummy parameters hardly reflect
a reliable SAK analysig, but the present situation provided

no better alternative.

In the derivation of Egn. 4.30 for Table 4.13 and Eans

4.31-4.33 for Table-4.14, one or two compounds marked with

asterisk were not included as they had exhibited the aberrant

behavior, which were hard to explain.

From {he above QSAR analysis, 1t however appears that

tha binding of chalcones with tubulin requires the planarity

of the molecules and that it involves both the phenyl rings

and their subptituents predominantly in some selectronic

]hl(Ori\Ctl('“' And the par'ticipation of OCH; group ot ring A

and NHCOCH; type of group at ring B in hydrogen bonding with

the receptor can not be ruled out.

mino]~4-methyl-5H-pyrido[4,3-

4.6 1[L(Dialky1amino)alky1]a
indoles

b]benzo[e]—and—benzo[g]

The polycyclic DNA-intercalating gystem having antitumor
properties gshowed enhanced biological activity by adjunction

ot a [(dialkylamino)alkyl]amino gide chain. 10-[(3-Diethyl

aminonpopyl]amino]—6—methy1—5H—pyrido[3',4’:4,5]pyrolo {2, 3-

ethylamino ypropyl] amino] -%-methoxy-5,11-dimethyl-tH-pyrodo

[4 3-b] carbazole (XV,BD84) were found to have high anti-

]
Jagtic® activnty’°"‘ and are currently undergoing

naop :

1 trials. promising results have been obtained 19

clinica

h Compound Xiv.s9

tpials vit

phase I
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Further studies done with tricyclic serjes XV]+0.a: and

AV]Ise where one aromatic¢ ring was deleted with ragpect to

XIV  and %V showed that DNA aftinities of XVI and XVI]l were
lover than XIV and XV*?-4% and 4-CH; group plaved “
significant role for the activity. Also with R,

and R = H/CHsz, R = OH, compounds

(CHg )sN(Me)ez or -N(Et):

showed better activity In geries XVI] than in XVI. So on the
basis of these results, new compounds related to series XVII
with an additional aromatic ring in the angular position viz
S5H-pyrido [4,3-b]benzo[e]l- and -benzo[g] indole derivatives
structures XVI]I and XIX were synthesised by

corresponding to

Chi Hung Nguyen &t al. *?

In the praegent work & QSAR study has been carried out

of XVIII and XI1X to find thae future

tor tha derivatives

pettor antineoplastic agents belonging to

prospects 80 that

this clasg may bhe designed.

The two geries studied by Chi Hung Nguyen are listed in

Tables 4.15 and 4.16 along with their in vitro activity

against FP388 cells. The physicochemical parameters that wera

found correlated with the activity are alaso included in these

Thege parameters werse taken from the literature.'®

Tables.
Uhen a multiple regression analysis was performed, Eqn.4.34
emerged for the compounds of Table 4.15 and Eqn. 4,35 for

the compounds of Table 4.16.
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Table 4.15: 1-[[ 3-(Dialkylamino) propyl] amino]-4-methyl-5H~
pyrido[4,3~b]benzo[e]indoles studied by Nguyen,
C. H. et al.*® and physicochemical parameters.

R "R1
“ NHCH;CHCHa N
l Ry
; SN Ry
s
|
R, CHj

— PSR log(1/1Dse), Leukenia

A R —tt
SNo R Re R 3 Ra MRa . e, _—
Eqn.4. 31
1.5 CHs H H H 0.103 4.00 4.01
2 CH; H H OCHa 0.787 3.13 3.16
3 CHaz H H OH 0.285 4.60 4.46
4. CEH') H R H 0_103 3.75 4.01
o CeHa H H OCH, 0.787 3.00 3.16
6. CeHa H H OH 0.285 4.30 4.46
7 g C“J CH:] H OCH3 0 .787 % 26 3 .16
8. CHa CHa H OH 0.285 4.00 4.46
g CHs H CHa H 0.103 4.30 4.01
10. CHa H CHa OCHs 0.787 3.30 3.16
CHa H CHjz OH 0.285 4.82 4.46
1i. g H CHa H 0.103 4.00 q.01
12. ZH’ H CHa OCHa 0.787 3.13 3.16
§ B Cels CH. OH 0.285 4.60 4.46
]4' CEHB b —— sy
__———-—'-""_—P_ refefence 45-

» Taken from
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) [
SNo R, Re N “

1. CHg H H H
5. CH. B H OCH,
2= Clis K i Ol
4, Czl’i:, H H H
3. Celis 1 OCHs H
6. CHs  CHa N i
7. CHy  cuy, g OCHa
8. CHa  CHy H oH
9. Cels  CU, W i
0. Cely  cHy oM i
11. Celly  Ci, o OCH3
12.. Coliy iy g oH

—
I

' ' o 45+
Takap from referenc
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.‘._.DC\DQO

logt
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Obsd.”

=3
W o
WD w0 W W oW

.43
.82
.30
o33
s
.43
.13
.60
243
.00
.13
.30

Leukemia

e ——

Cald.
E(1r1.4-34

.36
.36
.40
.36
.30
.36
.36
.40
.36
.00
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(4.34)

jog(1/1Cae

- u.2h8. ! a
. p0.%4. F®
n 104. t N
W "l
1 16 A
A 6t 11K a
AL
JjuU. &4
IOy | - J | |': -
/ Jrea. N TILE
] | ' |
v 1.834
9 .9% |
n = 172 r = 0.92, a = .24, |
RS e o Jrast atholic
e (11 8
4,324 alhows Lhiat Lihhey € » 3
The Ean. :

'-tf‘c\(‘t-iv.lt‘y
: wolat i
hbatween the potenacy and the
: >a e
qox-l-;)latl.oﬂ

i H \‘\‘\
L. s ol l]i‘ 111 p(\u\“l“l. \\l‘l. \\I"“‘}

1'1 4 H\lhﬂ‘.lt.ll(.ll\f] 1%
‘HRJ OI &

(e involvement of f-pogition  substituenty i Jispergion
interaction. However the paraboliec¢ corvelation 1mplies that
there is an optimuw value ot MR, (MR, o) . ha, wivy el
Sugegests that activity will not increase witli an 1naovreasd N

MR beyond <this value. All other substituents at kK.,

did not show any Big“iflcar,t

Ry and Ry

effact on the

activity.
The Eqn. 3% toe th
o % Compounds of Table 4.16 again
exhibits parabolic coprp 1
a ‘3 N "
dditi N g the activity with MR.. L
addition, in  this 3
Setieg g few derivatives had anothar
auhgtitution in the angular i
Ting ag g .
1. The MR for these
substituents alse has a Parabolijc correlati
LOn WIth )
- \ .11 Q
activity. For both MR. and MR, There 14 ap SEE §
LR LERET
| Valua ag
given below:
npa(opt’ = 0.4%

nRBtc).\. ) ﬂ.’lﬂ



retractivity of both the Ra- and

Hence the molar

Ra-substituents 1g conducive to the activity only upto their

optimuin values. Beyond these values, it will show
Alsoc as glven by Egn. 4.35, MRy has poor

detrimental effect.

the arctivity but it does show an additive

correlation wilh

R,—-substituents. This shows that

effect in presence of

1]

Ra-substituent has morc significant contribution towards the

activity but Ry ~substituent also enhances the activity.

j18
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