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+1 soretical chemisiry O ~robe the chemiczl ani brochemical

£1e molecul.r level. OFf the many theoretical melhods
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employed, 112 moleculer orbital mzthod has been found very
suceassful for such t:pe of study. The molecular orbital

investiration of moleeulsr structure l==ds to what we cnll

leetronic ctructurs. The pressnt disserfation is aimed,
consequently, at presenting an arcount of elecironiec structurs-

ity relationship of some orgenic, bio—orsanic and mediecinal

compounds.
The first chapter in the thesis mentions some important
indices of electronic structure znd discusses the nronerties

1 some molecular

related to them. The second chapt
orbital methods that have bsen used t0 calculste the elechronie
indices and points out how 1o calculate the di<ferent electronic
indices. The third chapter actually discucses the activiiies

of different types of the chemicals of interest as a function

of their clectronic structure. At last the fourth chapter
introduces a new structural parameter lknown as molecular

commectivity and discCusSses 1ts relationship with electronic

indices and biological activity of chemical -,
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CHAPTZR OIlE

INDICES OF EBL4CTRONIC STRUCTURE AND TIEIR SIGITIFICAINCE



T Introduction:

Since long it has been reco nised that the chemical
or biochemical activity and other nroperties of organie
compounds are related to their molecular gtructure. At the
simplest lavel, moleculsar structure is viewed as a two
dimensional commectivity, which, except for completely
planar compounds, permits very few rational conclusions
regarding relationships between structure and activity

to ve drayn for a family of similar molecules. This primi-
tive picture, nonetheless, has often been useful. However,
most molecules of chemical, biochemical or pharmacological
intercst are not completely vplanar and hence for nonplanar

molecules the third dimension of conformation is essentvial

for a correct view of molecular structures.

Yhile the three dimensional atomic array per se is
of definite value in the study of structure-activity
relationship, the lack of unequivocal chemical information
regarding conformation in most cases makes such study
tentative, at best. A more complax vortrayal of chemical
structure is a combination of conformational information
with the elecitronic structure of the molceules., For the
conjugated systems where the molecules are generally
planar the electronic structure alone furnishes sufficiesnt
information regarding the activity of the molscules. The
important indices of electronic structure are mentioned
below and the properties related to them discussed. These

electronic indices are calculated using some molecular
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orbital methods as deseribed in Chanter 2,

152 Charpge Density:

The charge density is one of the essential electronie
indices that are used for the interpretation of
reactivity. It is involved in the determination of the
attack by the electrophilic and nucleophilic reagents (the
positive and negative ions resnectively) in a molecule.

In the isolated-molecule approximation it is quite natural
that an electrophilic reasent, such as rog ion, will
attack the molecule at the position carrying the largest
net negative char-e and a nucleophilic reagent, such as

~ ion, at the position carrying the largest net positive
charge. This concept, although very elementary, satisfact-
orily accounts for the orientation of a second substitution
on a mono-substituted benzene. For example take the case
of benzoic acid. As already known the carboxylic group
is an ortho-para director for the nucleophilic substitution
(second substitution) and a meta director for the electro-
philic substituents. This fact is very well varified by
the charge calculation in this acid. It has the largest
positive charges at the ortho and para positions and the

least positive or negative charge at the meta position,.

There also exisis z correlation between the net
charge on a particular atom and the acidic or basic

strength of the conjugated systems.



The acidie strensth of arometic alcohols and carboxylic
acids would be the sreater, the greater the nositive charge
on the oxygen atom of the —OH group, as the nositive
charge repels the proton. On the other hand the basic
strength of the aromatic amines would be the legs, . the

greater the positive chargze on the nitrogen atom of the
- ., group, as it will exert the repulson on an approaching
proton. In case of heterocyclic amines, the basic strength
would be the greater, the greater the negative charge on

the nitrogen atom. However this concent holds good only

for mono-substituted systems and mono-nitrogen heterocyclics.
For poly-substituted acide or bases or heterocyclics
containing two or more nitrogen in the ring, the electronic

charge will no% be the only factor t0 measure the acidic

or basic strength.

The more importsmt application of the charge density
is made in the theoretical prediction of the dipole moment.
The total dipole moment is composed of two major contri-
butions, firstly the dipole moment resulting from the
distribution of the n-electrons and secondly that due to
polarization of & -bonds. The m—component is computed on
the basis of net charges on the atoms and the geometry of
the molecule by standard procedures (2). The g-component
is obtained by the vector addition of the bond moments of
all the g-bonds present in the system. These bond

moments are given in the literature (3).



1.3  Free Valency:

The free valency is another useful electronic index
for the interpretation of chemical reactivity in the isolated-
molecule approximation, whereas the charge density determines
the position of attsck by charged ions, the free valency
determines the position of attack by neutral reagents, i.e.,
free radicals. This fact is very well verified (1). In
the absence of preferential orientation due to electrostatic
attraction, as is the case with alternate hydrocarbons,
where sach atom is electrically neutral, it seems quite
reasonable to suppose that the charged species will also
attack the carbon with the highest unsaturation index, i.e.,
the free wvalency. This hypothesis is supported by the
occurance of all kinds of substitution in the naphthalene
preferentially at the a-carbon which has the greatest free

valeney.

The index of free valency is also helpful in the
discussion of physibchemical and chemical properties of
the substituents located on conjugated skeleton. Such
proverties of the substituent depend upon the degree of
their interaction with the conjugated system to which they
are attached, and this degree of interaction denends upon
the free valency of the carbon atom on which the substi-
tuent is abttached. According to, the so called the rule

of maximum conjuration(4), the greater the free valency,

L

the greater the degree of electronic interaction. This



rule has several immlications. The nosv sipnificant are

-

as follows:

The ineresse in resonance energy due to the inter-

—X
1]

sotion of substituent with a conjuzated skeleton
should be grecster. the sreater the free valency of

the substituted atomn.

2s In elimination reactions of the disubstituted
hydrocarbons, of the two substituted cerbon atoms,
the one that has smaller free valency should be

freed firsth.

3. In aromztic compounds the acidity of alcohols and
carboxylic acids and the basicity of amines are
attributed to the conjugation of their functional
groups. Therefore the acidic strength of alcohols
and carboxylic acids, and DbasicC strength of amines
should respectively increase and decrease with the
increase of the free valency of the carbon atom

carrying the functional 3Zroups.

1.4  Energies of Hishest Occupied and Lowest Unoccupied

Moleculsr Orbitals:

According to the general theorem of quantum chemistry(5),
the energy of highest occupied moleculer orbital (HOMO)
corresponds to the first ionization potential of the mole-
cule and similarly that of lowest unoccupied molecular
orbital (LUNO) to the first electron affinity of the

molecule. This has been verified by several authors (6).



The othar physicochemical properties that depend
unon the energies of HOLO and LUNO are the polarographic
oxidztion and reduction potentials of the compounds. The
plots of oxidation and reduction potentials azainst the
energies of HOLO and LULO respectively yield the straight

1ings (T )s

However the mogst important application of the energies
of these two orbitals is made in determining the electron-
donor and -~ acceptor properties of the molecules., These
properties are involved in a great number of chemical and
biochemical transformaitions including in particulsar the
oxidation-reduction reactions, the formation of charge-
transfer complexes, semi-conduction etc. In a series of
related compounds, the smaller is the value of energy of
HOIIO, the better would be electron-donor property of the
compounds, as the smaller would be the ionization potential,
i.e., the energy required to remove an electron from the
molecule. Similarly the higher the value of the energy of
LUMO, the higher the electron affinity and hence the
better electron-acceptor property of the molecule. These
electron-donor and — acceptor properties of the substances
play a very important role in the formation of charge-
transfer corplexes. They are formed by transfer of an
electron from a donor to an acceptor and exigt in the form
of supra-moleculsr structure. Such charge-transfer
complexes are very important in blochemistry. They are
formed as intermediates in the biochemical reactions or a

permanent supra-moleculer structure of some highly organiszeqd



biochemiecal units (8).

The stability of these charge-transfer complexes
depend upon both ionization potenvizl of the donor and
electron affinity of the accentor (9). With fixed electron~

acceptor, the lower the value of ionization potential or
the energy of HONO of the donor, the more stable the complex.

Similarly with the fixed electron-donor the hirher the

value of electron affinity or the energsy of LUNMO of acceptor,
the more stable the complex. Such correlations have been
verified spectrosconically (10-15). The bonding energy

as well as the excitation energy of the complex, as a

matter of fact,?gie function of energy required to transfer

an electron from the donor to acceptor and can be expressed

as (9):

DB = 1.~ B, & B (1.1)

whe re by is the ionization potential of the donor,

i
=4 &

the electron arffinity of the acceptor and € is stabili-
zation term containing solé&ion, polarization and non-
bonding contributions. PFor the interaction of a structu-
rally related series of donors (acceptors) with a common
acceptor {donor) ¢ can be considered as a constsnt, thus

makingAByn  dependent upon Iy (Ey).

T Bond-0rder:

The bond-order is the measure.of the binding energy



the m-electron znd its double bond character, it there-

sy

0
fore determines the position of a moleculsr addition

to a2 bond, such as ozonization, in which an ozone molecule

is fixed on one of the zvailable periferal bond of the
conjucated system. Since such reaction involve the
interaction between the molecules to be added and mn~electrons
of the conjugated systems, it is guite plausible to suppose
that the reactivity of the bond will be the greater, the
crezter their double bond charscter or the n-bond-order.

This concept has bren verified by ozarization and certain

other reaction of this type (16).

The bond-orders are successfully utilized for the
calculation of interatomic distances with the use of a
well-established mathematical relation (17) between the

twe s

Bag B & = Hpgy (1.2)

where A and B are constants characteristic of given

type of bond.

T+6 Excitation Znergy:

The excitation energy is the energy required for the
excitation of an electron from a filled molecular orbital
to an empty molecular orbital. This energy has no direct
application in the discussion of the chemical reactivity
of the compound, however is useful for the digcussion of

their spectroscopic properties.
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CHAPTER TWO

METHODS OF CALCULATIONS



bed
(VS

| Introductions

In the present time the auantum-chemical methods
are extensively used to find the el2ctronic structure
and discuss the chemiecal reactivity of the orsenic mole-
cules., The quentum chemistry nrovides us with two fun-
damentzl methods for the study of electronic structure
of the molecules, the valence bond method whose simpli-
fied qualitative version freguently is referred to as
the resonance theory, and moleculsr orbital method. Both
represent approximate procedure for obtaining approximate
solution of the Schrodinger eauation relative to the
molecule., This equation which will be mentioned lattier
is the basie equation of guantum theory, whose resolution
provides the electronic level and the distribution of
glectronic cloud in the chemical species. Approximate
procedures are needed becauge we are unsble at presenty
to solve rié%ously the Schrodinger eguation for any atomic

or molecular system beyond the very csimple ones.

Both methods have met with outstendine success in
the orgenic chemistry. But the valence bond theory is
in fact far too complex and too difficult to handle to
be of any real use in the system of structure of
biochemicals. On the other hand the molecular orbital
method, because of the simnlicity of its mathematical
apfratus, has been successfully utilized in biochemistry.

The molecular orbital method existsin various stages of



refinement, There are the so crlled uckel ICAO (linear
combir:tion of atomic orbital) apnroxiration, the SCF-LCAO
moleculsr orbital apnroximestion, the zrrroximation of
confi uration mixing ete. Although based on the same
eneral prineiple, these various procedures are widely
different from esch other in their mathemstical develop-
ment and precislon. Conseqguently they also differ widely
in the lsgbour they require. Of all the arnnroximations,
the !ckel one is simple enouch and a grest number of
fundemental biochemical structures and nroblems mey be quite
satisfactorily dealt with at least to the first approxima-
tion by it. Refinements are, of course, always welcome
and always useful but in many problems the essential
results, the general idea of how things are and function
at the electronic level, can be obtained with the use of
this simple approximation., It is only in a few particular
cases thet a more refined approximation obviously has been
used from very beginning. In the present dissertation
have been described only two approximations. PFirst the
Hoeckel approximation and secondly a refined approximation
known as zero-differentizl overlape (2D0) approximetion.
These two approximations are discussed in the following

sections.

2.2  Huckel Approzimation:
his anproximelion is described in detail in several

texts (1). In the orbital representation the individual



Baie 2.7 is known as S5

solving this Ba 1., we

?

by usin~ the wvariatior

funetion.
¥: = & @
T ki g
Here represe

orbital, while C, . re

®

atomiec orbijals. Th

. (H. .

c
s 1 i

5

J
where for many electro

h2

H= 3 [ =
i

8t m

Lark

yeenle are ei fanesion of
@leetro amiltonian Oparator H.
: Peai
v, (2.1)
chrodinser eguation. Instead of
apnroximate the molzcular orbitals

y 47

tnod with an LOAO tial

. N
aisen

(2.2)

g .

nts a molecular orbital and ¢ an atomic

present the co-efficients of the

vaeriation principle therafore gives

(2.5)

55 :) =

13

-ESij] = 0 (2%
n systems

2

L&} 5
in which<s , the Leplacian Operator, is defined as
i

M

2
9
S

2

* + (2.6)

]

AR
X

8° 2
0y; G



oo

and S.. may be defiied es
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L]
Instead of calculsating ths intesrals we them
as parsmeiers. The dia~onal elewentss oy Vi galiled
coulomb integral and written as a. . and the off diagonal
eiement H.. 1s called resonance integral and written

25 ﬁ.j. These two intezrals are evaluated by the
followine two 2nuations resmnectively:;

@, o= 4 hﬁo (2.9)

f:q 7 kB (2:109)

whe re o, and B, are standard coulomb and resonance
integrals for carbon atom and carbon-carbon bond respec-
tively, and h and k are semi-empirical parameters
under discussion. The values of the parameter h and k
for different stoms and different pairs of atoms are
listed in Table 2.1. For non-bonded pairs, the resonamce
integral T is always taken zero. If there asre some
hetero—-atoms adjacent to a carbon atom, the h parameter

for that carbon atom is taken as calculated by

adj.atom

h, = 0.1 ? h, (2.0%)



Values of h and k perameters* *

410 h Sonding X
0.5 C=11 1.0
145 C-1 0.8

W 2.0 g=1" 100

i -0 0.7

0 1.0 C=0 1.w0

0 2.0 60" 0.8

F 3.0 C-F 59

61 2.0 -5 0.4

Br 1.5 G-Br 8 s

I 0.4 @1 0 53

Hyperconjugation —c - C'L £ (H;)

gt ~0.1 gr-c" 0.8

5, &, 0.5 C—Hg 3.0

C--H2 30

P -0.6 P-0 0.6

o(P) 2.0 P=0 0.6

(¢) 0 (P) 2.0

(m) 0 (P) 0.5

N 0.5

s(P) 0.8 P=S 0.85

S — —_———

**The se parametéfé'are taken as given by:
1. b, Streitwieser (Jr) 'Nolecular orbital theory for
organic chemigts(John Wiley and Sons Inc., New York -
Iondon) 1961.

2. K.Pukui, K. Morokuma and C. FNagata, Bull. Chem. Soc.,
Japan, 33, 1214 (1360).
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where the sumation extenis over all the hetcro-atoms
bonded to the cerbon atom, ot 2rwise it is zero. Bq1.2.11
takes into account the inductive effect produced on the

carovon atom by the adjacent hetero-atoms,

The overlap integral S.. is assum=d to be unity,
I i3

if i1i=j , otherwise zero.

The zground stisate of a closad-shell molecule is
supposed to be a situation where 21 electrons are nlaced
in nairs in the N molecular ovbitals of the lowest energy.
The total binding energy B, of the molecule is then
equated, in this anproximation, to the total orbvital ensrgy

of the electrons,i.e.,

0ee.
W = PP R (2.12)
i 1

2s3 Z2D0 Apnroximation:

In atoms, minimization of the energy in a variation
procedure with self-consistent field orbital leads to a
series of simultaneous non-1linear equations called the
Hatree-Fock equations. Apnlied to LCAO molecular orbitals
these eguations were shown by Roothasn(2) to reduce to the

form

ZF G. = By Ci (2.13)
g IS 1s

in which the index i zrefers to molecular orbital and

E

is defined as



= B 5 _ 1 (rt/s 2,1

. = H_ + i 5 Doty [ (zs/tu) (rt/sa) ] (2.14)
where

- C ey

n;s = f ﬁr H 4 dv (2.15)

oce. ¢

p,, =2 ; C.t Ciy (2.16)

and

2

e
(zs/tu) = [ B_(1) 4 (1) == $,(2) d,@)av  (2.17)

In HiO theory the p, is known as the bond-order but
defined only for the bonded atoms, here it is defined
for all pairs of atomic orbitals. The term (rs/tu) is
Inowm as the electron repulson integral and interpreted
as a classical electro-static repulson between the two
cherge distributions ¢ 4  and o, 4 . The core
Hamiltonian g° is equivalent to the Huckel Operator

H defined by eqn. 2.5.

As the Frs are the functions of the co-efficients,
Ban. 2.13 is non-linear and is solved in practice by
successive iterations., Starting with an assumed set of
molecular orbitals and corresponding co-efficients., we
may evaluate the F_ _ guantities. We derive, in turn, a
new set of molecular orbital that may be used to caleculate
a corresponding set of new F”“ values, ‘Yhen the derived
molacular orbitals do not differ gignificantly from the

0ld ones, it is said that the self consistency has reached.



20

Ponle (3) has introduced into SCEI0 (self-consistent

field moleculsr orbital) theory a set of simplifying apovro-

rimations closely relsied with Pariser-Parr approximations

(4). The approximations are principally the nezlect of

<

the overlap, which carries with the elimination of all
coulomb repulson intesrals except those of the type (rr/rr)

and (rr/ss), and the use of empirical quantities for the

interrals. With this simplifications Roothaan F terms
become
Fp = e+ 3 rvj;ﬁ-,b. g T ns) YY5 (2.18)
]
“vs = Prs T 3 Prg Vg (2.19)

in which I is the wvalsnce state ionization potential
for the atom x, n the number of Imelectrons contri-
buted by the atom s and Y, and YYS symbols for (rr/rr)
and (rr/ss) respectively. The q, is the diagonal element
of the Dhond-order matrix, known as electron density at
atom r. == Egns. 2.18 and 2.19 are Ikmown as ZDO appro-
ximation. The different parameters of ZDO approximation

are evaluated as follows:
A. Coulomb Repulson Integral:

The one-centre coulomb repulson intezral'xvis
usvally estimated as the difference between the valence
state ionization potential, L., and the elsctron affinity,

Ar, of the atom r. The values of I and A are found
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by the method of llinze and Jaffe (5). The values of 7:,
and T used in tre pressnt work have been talken from

T
the ==oper of Dewar and Gleicher (6). These values are

listed in Table 2.2.

For the evaluation of two centre coulomb integrals,
various methods have bheen pro~osed {(4,7-9). lHowsver, in
the present work liotapga-llishimoto (7) formula has been

used to evaoluate the same.

. 14.4
Yvs = (2.20)

(Rrs T ors )

where Rr” is the distance between two atoms r and s and

=

23.8

": 'Y’Vr ! TSS‘I

The wvalue of Easas obtained from HEgn. 2.20 is in

electron-volts.

B. The Core Resonance Integral:

The core resonance integral B .. 1s treated as a
disposal parameter. Dewar and Gleicher have described
the thermo-cyclic procedure for its evaluation using
thermochemical data. Unfortunately very few thermochemical
data have been reported for the conjugated systems contain-
ing nitrogen and oxygen. Therefore, the following

relationship has been used to evaluate this integral.



Values of Paramzters

Atom

C
(pyridine)
H(pyrrole)
O(quinone )

O(furen )
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{ 2.2
B K 8. (Ir + IS) (2, 227)

B
0

where the overlap intesral S _ is calculated using

the Slater type of atomic orbitals and the wvualue of
constant K is fixed empirically with reference to some
experiment. The value of K = 0.31 reproduces the exneri-
mental value of ionization potential of the benzgene very

well.

Both the MO apnroximations discussed here are
anplicable only to n~electron systems. Since all the
compounds treated in the thesis belong to conjusated
systems whose chemical or biological activity and other
properties mainly depend uoon the delocalization of their
mobile or m—electrons, only n-electrons have been considered
in finding the electroniec structure of these compounds.
Both the methods have been used in our problems. Attempt
nas been made to use the refined method, i.e. ZDO appro-
ximation as far as possible, but if any technical diffi-
culty arose in using the same for a particular series of

molecules, the HNMO method was adovted to solve the problem.
2.4 Calculation of Tlectronic Indices:

A, Charge Density, Bond-Order and Free Valency:

The probability of finding any electron in a small
volume element, dv, is given by | ¥ | dv., In the LCAO
Huckel approximation, the wave funetion ﬁi. for each

atomic orbital in any MO has been assumed to he the same
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snd its contribution to a 10 wave function, [, is

weighted by its co—~efricienvy, Ci. The nrobability of
findinz the elecitron in the region of space associlated

with atomic orbiial 4. is then 5. The probability can

be exnressed in terms of a fractional charsge or electron
density, q &t atom r Dbased upon our charge cloud
concent of electron distribution in its domain. Since
there zre two electrons in a filled O, the electron dsnsity
at atom r in the ith 10 is qi = e C;. The total
densgity at atom r 1is then a sum of the electron densities
at atom r for all occupied MO's

o]

62 GRt
Qe = 2 B

cEr (2.23)

The net charge density, ¢, at atom r 1is then given by
V. = T 242
Q <= B (2.24)

where n, 1is the number of m-electrons contributed by

atom 1.

The bond~order is already defined by Egqn, 2.16.

The concept of free valency, F was proposed by
Coulson(10) as being a residual bonding afiinity of a
n-electron on an atom. It is the difference between the
maximum bond orders around an atom, . ., and the calcu-

lated bond orders around that atom, Nr

F = N -§, (2.25)
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The mzximum bond—orders around C, ., and 0 are taken

to , Y2 and 1 respectively (1).

B. Bnergies of HOIIO and LULQO and Ixcitation Znergy:

Solving the secular determinant. Zqn. 2.4, ~ives
rise to a series of energy wvalues corresponding to parti-
cular molecular orbitals which are sclutions of the wave

equation. These energy values are of the form

E. = o +m B {2:26)

wherea 1 refers to an 0.

The positive m values corvesnond %o occupied (bonding)
orbitals and negative ones to unoccupied (antibonding)
orbitals. The lowest vositive m value gives the energy
of HONO and the lowest (in magnitude) negative one that
of LUMO. It 1is customary to express the energy values

only by m.

The excitaticn energy is taken as the difference

between the energies of HOLO and TULO.

G. Frontizr Flectron Theory and Reactivity:

A different approach to reactivity using the
isoleted-molecule approximation was proposed by Fukui
et. el. (11). The theory presumes that the least tightly
bound electron would react preferentially with an electro-
philic reagent. The n-electrons in HOMO would thus be

important in the reaction. The position in the molecule
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with the greatest density in these 10's would presumably

i}

be the most rezciive. These orbitals are knovm as

froniier orbitals end the electrons as frontier electrons.

fucleophilic resctivity would be predicted to
occur ot a position in the molecule having the highest

density of two ghost electrons in LU0, The symbol fi"
5£M) are used for the electron density, 35 , at

n
atom r for the frontier orbital, £ , for electrophilic

and

or nucleophilic attack. The index permits only a conpa-

rison of relative reactivities within the same molecule,

The concept was extended to permit the comparison
of reactivities of positions in different molecules (2).
The index called superdelocalizibility, Sr, is defined

as
occ./unoce.
S, = 2 z 7, Jm (2.27)

where the summation extends over all occupled orbitals
for electrophilic substitution and over all unoccupied
orbitals for nucleophilic substitution. For radical
attack the superdelocalizibility index is defined as

OCccCe. o Unoc . 2

s;‘f) = I Cj./m* v Lew /m, (2.28)
l i |
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CHAPTER THRES

ELECTRONIC STRUCTURG-ACTIVITY RELATIONSHIP
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31 Chenical Reactivity of Azenaphthalenes with llucleophiles

and Blectrophiles:

In isolated-molecule approximation the static electronic
indices, such as charre density, free valency, bond-order,
have been found to be very useful in the discussion of
chemical reactivity of the conjureted system. The proper-
ties relzted to these indices have already been discussed
in Chapter 1. The relative reactiviiy of different posi-
tiorsin azanaphthealenes towerds nucleophiles and electrophiles
has been an interesting oroblem, yet not much work has
been done in this direction. Thatever work in this direc-
tion has been done thet is mainly related to nueleophilie
substitution reszections, and very few kinetic data are
aveilable in comnection to electrophilic substitution
reactions. Therefore an exhaustive study is made on the
relative reactivity on different positions in azanaphth-
alenes towards nucleonhiles and electrophiles on the
theoretical basis and arrived at and interpreted the funda-

mental reactivity pattern of such molecules.

(a), Results and Discussion:

The calculated net charges at the different positions
in azanaphthalenes sre listed in Table 3.,1. The charges
at the nitrogen atom have not been mentioned as they
have no use in our discussion, rather a cross (X) has been
put in their place just to indicate the position of

nitromen., The largest net positive charge in molecules
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Fig. 3el. Numbering system in naphthalene ring
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is doubly starred and the nsxt largest is singly, while

a dazeer (+) hes been nut over the larcest net nejetive

char~e (many molecules have, in fact, only one negetive

centre). If there has been some kind of symretry in a

molecule and thus several identical nositions in it, the

charge of only one of such identical positions has bheen

marked in each case. As already discussed in Chapter 1

the largest positive charge will indicate the position

of nuecleophilic attack and the largest negative charge that

of electrophilic attack. From the table the following

observations sre made regarding the nucleophilic substitu-
tion resctions.

1. In all those azanaphthalenes in which one nitrogen
is at position 1 of the ring and no one af position 2,
ortho to 1I-1, the position 2, irrespective of the
positions of other nitrogens (in polyazanaphthales)
has the largest net positive charge, and the next
largest net positive charge 1s possessed by positidn
4, pzra to N-1, if there is no nitrogen at this
position otherwise by the position ortho te -4 as
in 1,4,5-triagzanaphthalene (in this case the largest
positive charge is not at nosition 2, but at 6,
ortho to N-5 — the two positions 1 and 5 in naphth-
alene ring are identical), or ortho to some other
nitrogen as in 1,4,6-triazanaphthalene. Compounds

1,4~di-and 1,4,5,8-and 1,4,6,7~tetraszanaphthalenes
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represent the identical centres in {them under
discussions.

If the nitrogen is at rosition 2 and no nitrogen

at 1, then largest positive charge is found to

reside at position 1 irrespective of the positions of
other nitrogens., The second largest net positive
charre is found mostly at position 3, if it has no
nitrogen or at ortho position to some other nitrogen

as for example, in 2,6,7-triazanaphthalene.

In other compounds vlere position 1 and 2 both are
occunied by nitrogens, the largest positive charge
is found 2% a position which falls between two
nitrosens and the second largest positive charge is
at the nosition adjacent to one and opposite to
other. If such situstion does not exist, as in 1,2,
%,5-and 1,2,3,6-tetraaganaphthalenes, the position

adjacent to the nitrogern singly present in a ring

shows the largest positive charge,

The general patterm of the reactivity therefore
will be as follows. In all azanaphthalenes, whether
mono- or poly-—, in which there is a nitrogen at
position 1 of the ring, the most reactive centres
towards nucleophilic substitution reaction would be
pogitions2 and 4, if they are free (no nitrogen

at them), and 2 > 4. In those azanaphthalenes where
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position 2 is occupled by a nitroven and position
1 is free, the noct reactive centre would be position
1 and the next would be nesition 3, if it is free,
In other azanaphthalenes the position between two
nitrorers would be the most resze ive and the next

would be the position adjacent to cne nitrogen

and onnoslite to other.

Such general resctivity pattern of azanaphthalenes
toviards micleophilic substitution reaction is consis-
tent with 17 e experimental observations available,

For examnle, with the excenption of 1,7-naphthyridine
(1,7-diezanaphthalene) which formed the &-amino
compound exelusively all of the other 1, X-naphthyridines
(1,5-, 1,6- and 1,8-dinzanaphthalenes) were found (1)
t0 be aminated at ! . Besgides, the expsrimental
evelintion of the ground state electron defieiency
made in some cases has led to similar resullis as
obtained pressently. By means of chemical shifts of
the hydrosen atoms in pyrimidine (EI) and 4- and
5-substituted pyrimidines, it has been shown that the
electron deficiency at the position 2 is greater
then at 4 or 6 regardless of the nature of the
substituent (2). Several other methods have shown
that in pyridine (I), pyrimidine and other azines the
position 2 is most geficient in the ground state (3).

The greater reactivity of position 1 of isoguinoli



(2-szanerhthalens) hes baen proved by T0-85 nercent
iz21ds of the product of 1-aminetion of isoguiroline
with amide ion (4=6) zud T0-90 percent yieslds of

1=al'-ylation and -arylation products with Grignard
rearents (7-8). Such kinetie data rerardias the
roactivity of unsubstituted polyazanaphthralenes are
however scarced thourh much has been discussed of the

rucleophilic reactivity of substituted ones (3).

Bxtensive theoratical caleulations done in the
nast on azines have shown (1,9-11) the zreater
electron deficiency at either position 2 or 4, usuzlly
position 2 being more electron deficient than 4 in
mono— and bi-cyclic azines. However. the jreater
electron deficiency for position 4 than for 2 has been
found (12), and the greater chemical reactivity towards
nucleophile at position 4 ™as been often obssrved
in synthesis and sunnorted bY kinetic studies.

There are thus conflicting generalization in the
heterocyelic literature as to the relative reactivity
of positioms?2 and 4 in azines towards nucleophiles.
However, an ezhaustive theoreilcal survey as the present
one, leads, in gemeral, position 2 to be more reactive

than 4 in such type of compounds towards nucleophiles,

Reparding the electrophilic substitution reaction
the following facts are noted from the Table 3.1,

5 i In the two rings of azenaphthalenes, only that ring



contain the nerative caenire iich hes either no or
only one nitroszn. The ring having more than one
da

nitrosen has no necative centre That is why there

ol ) &

is no nezative nosition in any of the v»entezanaphthalenes.

In tetraagananhthalenes, only those molecules have a
nesative centre - the only negative cenlre - where

the three of the four nitrogens are in one ring and
only one in the other. In these molecules the negative
centre is meta to nitrogen singzly present in the other

ring. Similerly in triszenaphthalenss if tThe two

nitropens are in one ring and one in other the negative

P!

centre (the only negative centre) is essentially meta
to the nitrogen singzly present in the other ring.
However, if all the threec nitrozen atoms in triagana-
phthalenes are in one ring - such cases are only two
1,2,3 = and 1,2,4 - triaganaphthalenes - then there is
either no nesative centre or if there is any, it is

position 5.

In diazanaphthalenes too the negative centre is meta

to X, the position of nitrogen present in second ring
in 1-X type of azanaphthalsnes. However, if this

tyne of agzanaphthalenes represents some kind of
symmetry, then there are two ildentical negative centres
each meta to one nitrogen. Similarly there are two
identical negative centresmeta to each nitrogen in

two 2-X type of diazanaphthalenes (X beineg in second

ring), as both of them represent a kind of symmetry.
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sut in cese voth the nitrosen in 1-X type of
diazanarhthalenses are in the same rins, the negative

centre is esither -osition 5 or 8.

4. Tn monoazenaphthalenes also the most negative centre

is essentially metz to the nitrogen.

the rserieragl rzacitivity nattern of =zanaph-
thalznes towzrd the electrophilic substitution reaction
would be as follows. The most reactive centre toward the
electrophniles in an szanaphthalene would bz zenerally the
position meta to the nitrogen singly present in one of the
two rings. If all the nitrogens are present in one ring
then it is the position 5 or 8 which will constitute the

most reactive cenbtre towards such substituents. This

eneral reactivity pattern is consistent with the seanty
observstions made so far. TFor example, the bromination of
1,5-naphthyridine (1,5-diszanaphthalene) was found (1)

to zive the 3-bromo—and 3,7-dibromo -1, >-naphthyridine. The
3-bromo-,8-bromo-, and 3,8—dibromo—1, 6-naphthyridine were
obteined from 1,6-naphthyridine (1,6-diezanaphthalene). The
1,7-naphthyridine (1,7-diszenaphthalene) afforded the S-bromo
and 3,5-dibromo derivatives, The 3-bromo- and 5,6-dibromo-1,
8~-navhthyridine were obtained from 1,8-naphthyridine (1,8-dia-
zanaphthalene ). Obviously all substituted positions in

these naphthyridines are meta to their nitrogens.



he studies on tlie i eraction of 0rgomie compounds

wvith nueleotide bases ~re o considerahle biolorical

for elucidating the

™

laterest. Thay vrovige an onnortunity

B ¥
molecular me chonism of the action of mutagens. If an

orgonie compound interacts with nucleotide bases, it

leads to the structural changes in DA and RIIA, for

ex: -le, the addition of aminoacridine or ethidium

bromide (2,7—diamin°—9*Ph9nY1‘7O“ethylphenanthridine
bromide) to cirecular polyoma, DVA changes the structure
from that of a superhelix to a circle (13). Thus the
genetic messages thot DA and RIVA bear ¢an be destroyeq.

re interaction of organic compounds in general may leagd

to seversl consequences. The aminoacridines act mutage-

nically on bacteriophase pogsibly by causing the insertion
or deletion of a base pair in its DNA (14~15). -
ethidium bromide inhibits the synthesisg Of nuelasjie ac’qd
in a variety of organisms (16-19), while in cell-free
systems it inhibits the DlNA-dependent DIV A polvmergee Lt
the Ri/A polymerase of E. Coli (20-21). Since long it hag
been known that the interaction of aromatie hydrocarvons

with nucleic acids snd thelr constituents juage o cancer

In view of this, recently a large Number of compound g

ineluding some carboxylic acids and nitrogen heterocye1s
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were evard by 4-ray vowder me:hogd (23) with resnect to
ability to form the intermolecular comlexes with
nucleotide bases. In this *Xemination most of the ceTbo-
1¢ acids were found to bind with adenine and cyvtosine
very few of the chemicals of other type could show
their affinity with any of the micleotide beses. However
it was observed that in the possible intermolecular complex
formation the comnounds were bonded +o the nucleotide basesg

through the hydrogen bondine.

(A) Results and_ Discussion:

Of the followins structures, (I) to (IV) are the nucleotide
bases and (V) to (XI) the nitrosen heterocyclics. Below the
structure of each heterocyclic are mentioned, within peren—
thesis, the names of nucleotide bases with whioh i+ interagt |

A stands for adenine, G for ~uanine, C for cytosine and ©

for uracil.
The first four heterocyclics, (V) to (VIII), - shovm

to have interacted with adenine (I). It is obvious from

their structure that they have some anallogy with tp, uraecil
(IV), the complementary base to the adenine in usual base

pairing in nvcleic acids. They possess, at anoroprigte
-“ " =

positions, all the reactive atoms that are present in uracil
and are essential for the hydrogen bondine "~ - 3.2), and
those reaective atoms in them have similar rather better
electronic characteristic -~ more favourahle +q hvdrocen

bondine than in uracil. The nemative charma density at the
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~tOor .-v. Y & "'7 oo = 3
ton, in tre three of the four heterocvelies

0

’ 1 1
{ O 5= o BN : e + art ) o i S e
s} n bonded to carbon 2 of the +ij ) in isoevtosine

e P o e ke
7}, 0-4 in benzoyl2ne urea (VI) ang 4-hydroxy vnyraozolo

[>,4-d] pyrimidine (VIII), is sweater than thet at 0=4 in

Pand 38 + e ~ - T o +lar am 2 53 BT
and the -rcater is the nerative charme density ot

ureeil,
atom, the more strongly it will attract the proton The
- . LT &

Ly
C
O
b=y |
-

| <

choree dersity at 0-4 in 6-azavracil (VII) isg 51lirshtly less

in uracll but not too less to attract the proton

than thav
Sinilaerly the rositive charge density at the concerned
aitroren otom (W1 in isocytosine (V) and H3 in bther thpes

hgterocyclics) in eaechh of the four heterocvelics is compars
<« =l cor=-

hle to that of .3 in uraeil. Therefors the canability of

+heir nitrosen to dondte the nroton to an accentor is

~1 05t same as that of 1D of uracil.

1-2(1)-phthalazinone (IX) is found to intersct with

adenine and cytosine (I1I). As a matter of fact it must,
as. though structurally not too much similar with the comple-
ments of adenine and cytosine, the uraeil andg guenine (IT)
resnectively, it has their nitrogen and oxygen participatine
in the hydrogen bondins in usual base vair (Fig, o', a¢
the corresponding identical positions in its benzenoig ring,
and the alegtronic characteristics of these atons in it as

ed to that in uracil and guanine seem quite satisfactory

comp 21
or hydrogen bondins with adenine and cytosine., Iikewige
the compound, 2,4—diaminoﬂ6—hydroxypyr1midine (X) which is
round 1o interact with three nucleotide bages, eytosine,
ne (not shown) and uracil, shows the structural ang

thymi
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be betler proton~accentor than il 0F agerq. ~1 e
to be better ; ' 0% adenine ang similarly
better rroton-donor than .16 of latter. I% is expected

2t these two nitrogensof this heterocvelie “ould be acting
g
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o
n
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&t

as rroton-accentor and-donor respectively in tha

bording with adenine and cytosine also, whijs the cormlement

~ " 08 Ty o e ’ 2 .
of these two DLrz2s hind with them as shoym R ¥ el B

tie above discussion il can pe inferreq in.

tlherc is any sbtructural similarity betwaon s nitrosan

heterocyeclic and a nucleotide base, and all tne eleetr

slements, that are present in tTh: latter ang form the

i / ary be 3
hydrosgen bond in the complemantary base pair, arg 51 &6

A B : propriete nositiona
present in the formar at approprie 1tionsg arnTopriate

5 Al waity, there may oc ‘he -
slectronic charge density, &Y Occur the 1ntermoleenl

. i rogen bondinrs betya . :
interaction through hydrog s Detwcen the hateroe 14

and the base complementary to the first ong,
, I



49

. ;e of O lie aei ich Adenine:
tly some © p:ovvlie ~eldds r2 also Iou To
5 oi, waith T e’ 2oL 2 sticulearly with adanine
=t 3 A% has e le to e: nlain ths tersction
¢ sga acids vATh jemine tnrourh the charge~irsngfer
c . A tter of fact these aecids r2 D23 found

. somiad o sdenine through the hydzogen bonding (23).

irozen bondines involves the

faT TTOC. S e involverent of charge-iransfer

VO OR 1. ‘the hydrogen bor 1inz Is not uncomrmony there has
 ipe ennerimental and theoretical evidencas (24~26) to

verify the charre trensfer mechanism of hydrogen bonding.
) O”’ﬁ”ed,rﬁﬂ_fgr machanism of hydrogen bonding can be

01 OWS. Supnose A-f auu molecules are
through nhydroIen bondinug. iow 1f the proton-

joi.'z’u_, 2 >
H) can ' ' '

donor (%~

hrotoneaccegtor i

. +eppreted &8 ! o
inter? ; ) two
petween the following/structures,

tne electron-donor, the bonding energy

may b€
caused by the resonanc’”
G-

- +

5 AP : 5 (3.1)

T

i M4 4

harge rpansfer mechanism 15 analogous to Mlliken's
nis chéte

¢ (27) oF

complex formation and the structure

mo e Cular
or
the II to charge—transfer

b, e’ =i
presponds °

T @0

struncture:



o)

I'd -
\ 43/ FSK e _2;‘._};9! L/..!.:
g 13-ht ¢ enerciss of
v lha=s S O7 N 0‘3 '].d Tﬂ j’S 0"‘
lie aei 2 to e of oot gimnifi
¥ zreat simnific: ce, As
sl >d in Cheoter 1, the eneresyv o -
&, RS 3 2 I [1217 &Y 03 ) o AaE v
g UL oW 2varmines
ctron-donor —~ronerty and that of 0 +]
& I Uoene jlectroll_
acea e roperty of the commound. The e
: ) k=g 8 04 B 4,]"_1‘_4}1““" Ve 11 . o T AT
: RILUS QX L,‘O,‘ )
51 iz 0.571 eV, This valve is much lec- Phim e
s lan vhas of
: ¥ 3 fa NS Be) o W 7 1 3
~eid meutioned in Tayl. . . -hi. Indicaves that adenine
<id 21nl1%
can ecsily donate an electron to the acigs, nrovided t)
= {912

seids nave high electron ~£finity. Cur caleculation, howe
(S8 T ’ ,'V ve =
sk

that the acids do possess the same. The enersvy valu
=0y ol s

shows 12
of their LU 0's are muich greater than that of ssning
(2.038 eV only). Dhus theoretically also it appears that
tnmgse carboxylic acids are bond
It is quive likely, though not

r“ 1i
ed to adenine throush the

charge—transfer nrocess,
j : . Se—
that the experimental study may also prove the

.- 3Ure,
srge-tronsgfer in the formation of the o
' mplexes.

involvenent of ch
ped that purine and pyrimidine baseshave

T cen be mentio

- £ - _ ee B -
the strong tendency to form the moleculsr compleres with
s (28) and this

Tne electron-donor Capaci tieg

ok
i tenden
organic eompound ¢y depends upon their

ron—donor capaclt es.

elect
have also beell found to inerease the stability

of tunecse beses
aromatic nydrocarbons 1n agueous systems (@ 309
-3 )

of polynuclear
is claimed to be 4 importance for the carcino

This Ffect

sonic activity of the hydrocar hons (31).



roier of HOWO and LU O of carboxylic acids

iolecule Energy of HOLO, ILUiiO

Holio(e. V. ) uro(e.v. )

Benzoic acid 9.715 2.594
Selieylie acid 9,478 2.5%4
m—Hydro;ybenzoic acid 9.425 2.540
n-Hrdroxyhenzolc aecid 9.465 5,486
Anthranilic acid 9.235% 2.494
m-Aminobenzoic aeid 9.159 2.500
p—Aminobenzoic acid 9.206 2,421
p—Aminosalicylic acid Q) LLLF 2.367
picolinic acid 9.676 2,909
jcotine acid Bl 2.709
Pyradinic acid 9.752 5. 014
Orotic acld 10.941 5.941

12:130 3.057

(ranuric acid
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telmintic Activity of Orgaiophosnhoruszs Comnounds:

Dot
the recent threz decades some of the or-~saophosphorus
co ! inel Ains vinyl rhosrhates havz been found to be

,ful as emthelminties (22). The comion chemical festurs of

materials is a pentavalent phosphorus

e oroon0oprosnhorus

4ith two o the valencies, saturated by a linl-are +p an

(or sulfur), and the remaining three valencies erch

O—::r ‘O
1inled throuzh an oxysen or sulfur to the aliphavic or
~romnetie zroups. They all are believed to exert an inhibi itory

o ~fect unon specific biochemical functions of the parasite

Their toxieity to the parasite or to the host is

(33-34).
mainly related to the reaction with the cholinestersse enzyme
cratem in the body (35-38). It is believed that they inhibit

the acetylcholinesterase 0y phosphorylating i.s esteratie

site (39-41). The mechanism of this is very simple (42-46),

=
s

I.__ﬂ-ox + BH —— (Ro)2

|

(RO), P = + XoH o0y

qepe the first step is juot the atback of the enzyme, EH
the P—0 bond of The phosphate and the second step is
on

the rate deternining step.
to that of alicali hydrolysis of the phosphate (47),

This mechanism seems tp be

alogous
the iphibitory power of the organophosphorus
1 4 por) o



o3

Corinot 111 depend 'upon the e o 2ir enzviic
111 ans (43} have proposed that practically in all

1 typecof blochemical substrates undergoing such

TR, TG, - L. P = o Sy 0 . .
the bond which is hydrolyzed carries

o <Ny 1 ren g o
izymie hydrolysis,

formal positive charges on its two extremities. They called

it ~ 'dipositive vond'. They further proposed that the

ensyvmie hydrolysis takesplace the easisr, the rsrester the
a—clzctron deficiency of the hydrolyzable bond, The
inositivity of the bond measures the electron deficiency of

the bond, therefore, the deficiency may be incressed by
the formal positive charge either of the ope of

ixleroeasSll

its constitvent atoms (in which cace this atom is probahly

i1 some way ome of the reactive centres for the reaction)
or of its two atoms.
In a subsequent paper Pullman and Valdemoro (49) have

by maling a simple HIIO calculation on sone OTEAN OPHOS—

showil,
phorus esterase inhibitors, that the inhibitory power of
inhibitors parallel the value of cvhe positive charges on their
p gtom, A further study on a series of diethyl substituted
phenyl phosphates by Fukuil et a2l (50) established a correla-
tion betwesn the inhibitory power of the compounds and their
st (nmuecleophilic superdelocalizibility of P atom). These

athors had found that the ease of alkali hydrolysis of
aut:

their average molar conecentrstion to

these phosphates,
pit the f1¥ brain cholinasterase and thejir Shanets ol ddd

‘nhi



—ape 1211 covreleted with their S

i+ ie pronosed that ths za2se of z2lrali or

ic 1wafoj”~i, of thz2 phosph tes will also 7 YA B

(D

W

ﬂﬁﬁqr ~ F +‘e Hoﬁ’. Since the ﬂ—bODi—O?7?T r'fers

IJ - 7= 00 g & 2 1k v

spnan~th of the n-bond, the less js the bomd=oPgseP

@D
n

ct

faroj*<a=1e bond, the easier would be the hydrolvsis.

wpom the forzoing discussion it can be estahlished

+ the enzymic jnhinritory activity of an inhibitor is the
funcuion of its over all electronice structures. ow the

ig whether the -mthelmintic activity or the efficacy-

o vproperty geparete fOrT moleecnlar activity (51) - of an

aguastron

tn imintic drug is also related to its electronic structure
organophosphorus anthelmintics

no*. To prove this some

have heell choser.

(a) Results_and Discussion:
The 1Lwo pr0positions of Pullmans discussed in the

jon indiceate that the enzymic hydrolysis of a

procecding secv

gerzoes a kind of nucleophilic substitution

substrate un

roaction. The positive centre of the suhstrate attracts the

o site of the enzyme and in the firs. stage

nucleonhill
Hinds with it, then the reacvion proceeds as in RBq. 3.2 and

s the hydrolysis of the substrate, The

- Sg tpe easisr would be the hydrolysis.

+he net result 1

larger are Op
are 1isted the calculated values of

In Table -
for the organophosphates shown in
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Fig, 3.3. Organophosphorus anthelminties and their dipositive
susceptible bond

.
~~N

f '

D
C> = 2 \ !, o

(I) Coumaphos (CoRal)

o
S e
P Q,, \ Cl
cHa0” oM
G

(I) Fenchlorphos (Trolene)

O
H O [l .2®
CL C2h4 \! gt ~

» g + 124
Bl N ' Z\cl

(o) Haloxon



Fig. 3.3« (continued)

O
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I
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Fige 3e3s (continued)
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L.on oiith their .yDaO (1ethal dose producing

percent effect) values and some rewarka on their utility

LY,

efficacys “pp is tnz sum of QP and QO and refers
to the dinositive charactzr of the labile P-0 bond. The
dipositive suscentible P-0- bond in each commound is

om in P, .0 comounds{ V) to (X Yvelong to a series of

me pavticuler orranophosphates namely the vinyl phosphate,

out of these siX compounds, the diehlorvos (V) has been found
.o p most efficacious and widely uszed anthelmintic. Its
1D v mofkg. The next thr2z compounds of the geries,
- maly mevinphos (v1i), SD 1808 (VIII) and SD 3562 (VIII)

as comnared to that of dichlorvos.

seen from the teble that this is in accordance

and QPO’ and low Pro values. The
the Lirst three indices of meviaphos quite

o1 gwine of

sith its 1owest LD5O' Thus the electronic indices and

thre= compoull
they have been found to possess

a.ree
ds indicate that they must be

.. of these
ery reactlVes howeVvals
e F

&
i anthelmlﬂt

yery limiteé

+ive
a8 they are go T '*
A— gffective site.

d an

1c activity. This can be explained

that they are hydrolytically

dzoctivate
f the alectronic indices of SD 7779 (IX)

that this compound should be very

ndicates

i the geries * o
.. penaviou¥ TR .eactivity to the above mentioned
coai1ar 11 i b
gsimll . . .
gnds. A8 B natter of fact it is, it also
mpo 1 0=
three ©° o 1 e 1A |
S Very - )
osseSSe y }
g iy oF Jpomosus upper small intestine,., TIts
o f
for pare
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in experimental sxrror,
j.. accordeice to the value of ite slectronie
. P N s
e S, end ' velues respzectively 1.639 and
of 8D 8447 (X) perhaps represent lower and
tLe higher 1imit for the series, so that the 1D
50
of this compound 1is as nizh as 4000-5000 mo/kg, and in all
the cormound is non-toxic and inactive as an anivhelmintie.

£.9

of the rest four corpounis the first two namely
.nd fenchlorphos (II) form execlusively a

nnn., ag in nlesce of the oXygen atom doubly bonded

otk .

s2
to +the phosphorus they have the sulphur atom. The remarkable

t} 2t the anthelmintic activity of these two

is exclusively related to the m—electron deficiency

d the strensth of the iabile bond. Table 3.3 shows that
although the g''  of fechlorphos is greater than that of
coumaphios (QP of the two being almost same), the high LDﬁo

e of tne former &as compered t0 that of the lztter can be

y its lower QPO and higher Dpg -

valu

well acoounted for b

The remaining twO comnounds, haloxon (III) and naphth-

2lophos (IV) are found to follow no trend. The reason is

They do not belong to any particular group or

obvious.

iog and among s also they differ in many respects,

themselve

ser

for exammle, 4ne oxygen atom of The suscetible P-0 bond in

one case ig next attached to 2 ring carbon and in other to
jtrogehi-

g ring B



ahove diseussion it can be conecluded fhat

uLelrintic activity of the drugs ‘is, also +'» finetion
0. their eleclroniec strueture, In a seéries of releteg
comicunds if the activity of one compound is kno.m, the
2locironic etructure can be succes:fully utilized to nredict
the =ctivity of olher compounds. This ean also be the basis
of the drug design. The study of the electronie structure
of a series of relcted compounds of kniown activity can

always indiceve what modification should ne made in the

o3

structure of a cormound to have the desired effect.,



$1 otreiie Structure-pctivity Reletioncship of

tibacterial Aerdidinsgs

The antibacterial activity of acridines has bhsen foung

ortionsl to the fraction ionized as eation (52-54),

LU )G

implest internrstation of the mode of acton of acridine

e &
cation is thet they compete with the hydroszen ions for

o

vitally imnortant anionie¢ group on the bacterium (55). The
vital activity of the vulnerable anionic zroup (A ) of the
heeterium is supnosed to be reduced by the formation of a
reebly dissociated complex (A3H) with the cation (BHT) of

the drug. The more feebly is dissociated the complex in A~

and it jons the more would be the reduction in the vitel

cctivity of anion. The dissocietion of the complex would be

- Ay )
sunpressed only when the cation (BIT) is present in excess,
activity of the drug (3) will depend upon its

hence the

»; . 51 5 . g -+
gerree of crtionizziion as (BH™).

gince the cationization of the acridines will largely
denend upon the elactron density of their ring nitrogen,

(the greater is Qs the more would be atiraction fow proton),

it is expected that there exists a correlation between their

antibacterial activity and q..

(o) Resulls and Discussions
Tn Table 3.4 are listed the caleulated electron dsnsities

the ring nitrogen and tTwWo neighboring carbon stoms 4 and 5°

and - antibacterial sctivity for a series

¥

wf the bridzes,
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5 : :  Sfmitarly iu yle 3.5 zre listed the
o5 o7 fluorinated acridi ., In Teble 3.4
1o 1/ec {e s The mnimal pecteriostctic econcertration (54
5 trent, n/0e1es — 48 hours inenbation in 10 percent
o B oo 'Z"?O(‘. T 7 7) as X NE 't y - )
DO v v sy PLL ./ “o xnec ed., apn g2ars to be
14 A conralated with . likewise mean k.D. time, 1,
i ~iyle ':')".; ;:j(\,_r) sa1'S 1o » Nro )OAii‘tj,Onal tO CL a
4 rerression enalysis (56) reveals the followin~ three
1 ) »elating biolo~ical responses with gq..
1o~ 1/e = 91.48 a-, = 22+4(C o
n = 207]:' = 0.896, S = 003097 - = 73'30
5 m Ag8 gy - T68.53 (s
5 i — 0,608y B = 1.419, :L: = 17.91
& = 158.0 a - 18584 s
ceq o= 1,806, Bl = 13,5
n= 22y T 7 .58l B = V8 ’ o= 13.55
; - . r(correlation coefficient)
The 8t& ’
sation) and F( P ratio between the celeulated
S Buda ==
show: that correlation between g-

+43 tie

- activi

-d Oosefved <

ar . i snificant In Zgqn. 3.3, P i
nighly SigHLs=weme T desy FAS

and Jeg 1.° . 1
.. .. « pereent level (F,g(0.01)=8.28).
"".’i:;b 'Lu- : i W B
, omd 3.5 aleo 7 is significant at 99 percent
s e VTS
Iz 7, 6% ) put not as highly as in Zgn. 3.3.

(pl . (0.01) =
the correlezction coefficient is

L on
3 1ther $wo equaulo
T =i . B )
iively 10V rime correlation betwean log t and
Jan cOmMPELEY
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In 9

o etill less si-—ifier vy, The2 galeulsted
v e listad 3 ctive tehles,
3 V] .,’t. 19 D‘) _‘.\_,: 3
of eeri e qQ Z Lo 1 est imnertant,
jon of g, 273 Ug i the elect: lensities at
" j~hhors of aitrogen, which mi It effeet the
artionization; i re e o Vv L
t j--provement in vhe correlation in any case
ot atistical narapsters of Igns. 3.6 ~ 3.8 with those
o B B ~aanactively, and resulis obtained by them)
= 19.77 0= 32:,109 Q¢ + 39.42 qgy = 27.34 (.
—] 20, = O~91Oy 8 = 0'3057 = 24--34-
147.5 q. = 22.96 qur * 14.25 g5y ~ 158,72 (5.7 )
. r = 0,638, 8= 1:42; ¥, = 6411
159.9 1 - 32.20 q4e ¥ 9.66 1+ , - 166.10 (5.
3
33, r = 0,589, 8 = 1.82, Foy = 4.69
aminoaczid -'- one more indewnendent electronic

he correlaved

with tne activity, and that

+

is the

indel can
d@TOCalization enal

exhiblb s

nf C&

desres

e resonanc

pionizal

&' gince the aminocacridines cations
phenomenon as shown in Fig. 3.4, the
sons of aminoacridines will depend (57)

. - da 3 .
j1ization the cavions gainzd by this

L.
on the extrd stab
. 1T A% = i = .
fdelOoalizatloﬂ/, Hence the difference in the
\
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1/¢ = 20.52 A

1o =
L 20. T = 0.837, 8 =0.307, 7 _ ..
shebis seel narameters of 3Ign. 3.9 are almoct cqual to
those of Bans 3.3 and 1so tle resulls obtained vy iphs two
wzbionsvery neary tally with each O¥her. The pgagqy, is
nearly a perfect correlation betweep q

~ 1 and 5 =" O'O)‘

p
<
\
!
!
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Q
N
H

and A =
A " R ; (3.10)
o . 0.998, & = 0.001, E}B = 6299
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+ o valsncy of gtoms. UYhey assuiz that a n=bond
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e nectivity 2 RUC — has ¢0: neetivity 3, .7 = comectivity
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il Sl L] Lo
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i 3 yd i.e. imuorin; the valence
(LY - _ ... BF .=
v 0.y v
0 Q @ 1lranes as well as of aromatice
0 ) g be si _uifiec1tly
1ttt correloated ]
L Ah C
.
1 in yle A for -
r for alka 5y the

revocled the two simnifiesns
sinificens correlations

HRe) 1yvsis
2 . ,
= 00218 % 0.550X + 0.5Q6 (4.1)
9 ]
n = 15, r = 0.881, 8 = 0.270, F12 = 20.83
- 0.495%K + 0530 (4.2)
5 gy . i )
= 19’ I = 0-875’ O 0-265’ F13 — 4.2.5’1
stands for the sneray of OO and n  is the
umbor 0f wavf DOIRLSS Tn both the eoustions, the statistical
naral >tCTS, orrelation c0efficient), s(standard deviation)
" patio Batween the variznces of calculzted and
’ 2) represent 24ue 1y high degree of correlation
, D Tn both the equations F values are
2
« O ) 8 = l-‘ll (0‘01 =
signlllcant ' 12 ) = 6.93,

1 - I Ly -
A tp.01) =1
pydrocsrbons (Table 4.2) only

the patav~ 2 . .- miven by EBqn. 4. 3 was found
o be most Kol il
i/ + 0608
) 0.0'l'ﬁ)(z - x 1 (4.3)
. 0.133, B
r = 0.7879 = = v R sa = 6. 51
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101.0 of some alkenes.

cald,3g.1 cald,®Bq.2

obsad®

0.000 0.506 Q, 520
1.000 1.035 1. 025
1.414  1.242 15250
1.618 1.482 1.478
Ton T 32 1.713 14 125
1802 1.932 1.973
1.848 2.142 2: 221
1.618 1.523 1. 520
2.000 14757 1.768
1.732  1.396 1. 387
1.848  1.647 1.654
1.902 2.083 2.149
1.932  2.305 2.169
2.000 1:939 1.839
o U 1.350 1.879

jecular orbital Theory for Orgenic

Jr., John Viley andSons, JInec.,

zialzeu 0. _ectivaty Indsx and
X
0.000
Lethe
1.000
§0yw ne
1.414
Propa‘_le
1.314
Jutane
& 2.414
e t:~ne
o 2.914
> a1l
: 3.414
Heptane 5. 000
gyelopentai® 2,500
Cyclonex e 1.732
Isobutanre 2,270
Tgopental® 3.270
o lle thyIhe*ed 3,309
3 Methylhgxan 2,643
5 3-Dpimethy Ipese 2.725
1le thyles
- « ric
& dat@ +aken )
R 1 by & Streitwle”er’
Che 1) e



enarey of . Jl O of some

olecule - wl8) -
e e ___F—O_bs-da cald, 5.% cald,Eq.
sne 2.500 1.000 0.984 e —
aphthszlene 5.967 0.618  0.537 0.707
Anthracene 5,437 0.414  0.560 0. 592
Phenenthrene g 23 0.605 0.552  0.585
Tetracene 6..900 0.295 0.472 0,478
8 Q_Benzanthracene 6.916 0.452 0.472 0. 477
Chrysene T il 0.412
pripheny —° - D:68% QT 0.474
: 4-Bemphenanthrene 7.750 0.586  0.460 0.412
pyrene v Dalifg B2 0.55%3
| 7433 0.347 0.461 0.4%6
a 11, P- 85
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11, r = 0.669, s = 0.151, Fy = 7.32

i

. ; et oo e
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_L':O_['E 108 U |
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L5 L -t ‘.‘I&Z‘Ce e N
dag: v . B
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In this c&8¢, ara

m ~ 1N _/4.'-'-_
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] p i ':ﬂ Le 4'. )
V y -‘l( }.1 dc ‘ree Ojﬂ CO_-.G].“L .-’o]l
ef Lhdeis i

2+ X
1296
nE = - 0.025 X

)
. _ 0.372, 5 = 0.480, Ig = 69.69
n =
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. 077% = 0-484 1 (
E = . : _ A_
’ ifq 2= 0. 970. B = 0.464, 9 147.89
. = ’
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v “_ ” 1
. 5 I’lS. : ) .
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. dolocalization energy of some

_ cwed gysters.

hylzcule X 5 DL' (,‘3)
obsd cald, c21d, cald
. _ . Ea.5 39.6 ]‘07
Benzene 2,500 2.000 1,999 2,208 3.1E3
phthalene 5,967 3.685 4.005 3.788  3.137
Anthrecene 5.433 5.314  5.408  5.366  5.256
phenanthrene 5,505 5.448  5.508  5.465 5.346
Petracene 6.900 6.932  6.953 6.946  6.869
1,2-Benz ~nthracene EgE Tl 6,969 6.963  6.889
Chrysene oqE0 Tl REGD TSGR
Triphenylene 6.950 7.475 7.004  7.000 6.931
3, 4-Be nzphenan TR 7,780 THET  7.800 REG .y
pyrene 5.933 6.506  5.947  5.904  5.763
zzzem 7.433 8.245 7.488  71.520  7.550

A0 data
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sae gornoundsSy TESHEES-
L = 4 By
-iyver by =qn. 4.8, and a livtle less

si mificant 1in
018X - 0.275% + 3.148 )
10, r = 0.831s B = 0115, F7 = 6.71
0.084% + 2,687 (4.9)
Q 704, g = 00137’ F8I = 7.87
AN - -
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atb10Ms ! -
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u cted systens.

i d e ax 3 ~ A4 P W i
ind and relical locelizebion energy

of sobe B0k d_sJ :
olecule <
- T
jenzeile 2, 500
3iphenyl 4.367
aphtl .1eneé 3.967
Pl "pnanthrene 5.525
Qhryseie 7.750
pPyrene 5.933
gtilbene 5.350
Benzanthracpn 6.916
anthracené 5.432
6.900
_aphthacene
m ref. 113 te €2

: 40 davé taken fro

L (¢)
obsd® cald, cald,

3q.8 Zq.9
2070 2.581  2.476
2.390 2. 244 5
2.200 2. 354 5,552
B H 2.138 9.821
2: 259 2.130 2.0%3
2.200 2,172 2.187
2.160 5 71 -
2.050  2.13¢  2.104
2.010 2,041 >. 299
1.950 5.135 5. 405




o SISy TP ~ B - 1
. 3ialc % onscs and Substituents
1 to ' ol~e lzr Connectivity Irdex in sub-
[ yleecules:
e egent saction are renported the stndies on
5 Lo hiological resnonses and molecular
co -
svity inaes Af the comnounds. Since the suhstituted

withsonly substituents contribution X

. ~otivity has beer considered in the

~ ) 2 0.
o Bie eb £
1 V] ; Dlls
. phosen four sxamples for our purpese. All
i) f‘-! <

: m the literat =13
yeen talen from she literature (12-13).

o
= g ge tre cose af bromoacetamide analorzs.
f%;r‘:;1 oy vities nf these analogs alongwith other
1 .Agsed . re;r85510n analysis are given in

1 .t~ three types of correlations between
The
A
anelystse

) 0-09451 y 44,280 ] (4.10)
1OT 1/0 - S = 09861, F12 O°39

TR RORAE

=%, 4,251 (4.1
A+ 4'- . 1)
) A ' g = 0,819, Ep  1.68

.2 i + VTel5h (4_12)
0,483, 14 12.89



ution to moleculer coanectivity, elecironic

SUDbSTIT 42T C0l.Lrl
heranater 0USE calculaved anbifungal activities of
romoceetaricde enaless
)I'CMQ&}O i
R a (*’b Log 1/c
obsdb cald, cald,
Eq.12 39.16
Pr 1.540(1.563) -0.12 4.40 3. 50 3.46
Allv‘l 1.54.0(1.563) 0-13 4“00 3050 4‘.32
i Pr 1.394(1.417) 0.19 53.40 5.33 5.03
5.040(2.063)  =0.13 4. 10 %581 3.98
. 894(1-917) ~0.13 4,00 3.88 2.83
i—-Bu .
| w2 3+10 RS 3. 60
Se c—BU
Rea _0.13 4.40 4.40 4.41
= e ity | 3.40 4.34 4.08
. S _0.15 4.00 4. 41 4.35
gyclonex o ) +0.13 5.00 4.65 4.70
- 5.040(3.003 .
n~Hex . —0 5.00 4.79 .8
5.540(3.563) ’ e
n-Hep? 063)  ~0+17 5.00 4.79 4.87
4,040 (4
n-0ct ) 20.13 4.70 4,42 4.50
n-J-¢ 555 6,13 2.00 2.17 2.8
7,040(/-0 7
=1 4529 —
—— _ _ i o) f X "
.o the refi velue of X
Wi thin
. U2
B sen Lroft

Data g7
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’ 0illg « 4.12 renresents
1y o~ -
* ralue is sisni-
>}
- s 1 sl 4
L if 35 ) >

(£, (0.01) = 7.20). e

w1 th

the use of refined
' X are ollows
1/c = =0.034 (X ) + 4.2385 (4.13)
= 14, r = 0.177, s = 0.861, F!_ = 0.39
n pow o B
lo~ 1/e = =0.025 (X") + 4.253 4.14)
n=14, r=0.549, s= 0,819, F112 = 1,668
R . s .
lor 1/c = - 0.252( X)) + 1.935 (X) + 1,093 (4.15)

n =14, r= 0.847, s = 0.484, F-, = 12.7¢

( X or iz with-in bracket will always stand for refined
e 2 \
X or X ).

The statistical parameters of these equations
gho almost no immroverent over the previous equations.

. *
However, if the elsctronic parameter, & (Taft
constant (12)),is included in the correlation, the three

eguations of either set are correspondingly improved, and

thus Bon. 4.12 which gives the best correlation changes to

log 1/c = 0,272 X # 2,096 X+ 3.466 & + 1.291 (4.16)
. = 14—, r = On908, 5 = 0-399, | —
10— '
sile & itself is very poorly correlated with c.
*
log 1/c = 1.8456 + 4.243 (4.17)

ol s
¥ =i, B 0.176, s = 0.861, f12 -~ 0.39



unlile that in exéar

The

I
ment

( i nl 2 D 2
) ple 3 ig ©
= 2= Promont nethylamines.

<Y

ined B are @8 followas?

/e = Cz.,37§(+ 2.836 1
= §By E°F 0.804, 8 - 0.401, F16 = 09,59
el 1
TG R F e

AT 11 —
= 0.707, 8 = 0.477:Fyg = 16.05

I

18,

r = O 865, 8 00949’ F,1 20.91

+ parabolic
we S8e that parado

nn»”elation,

7 wvalue in
(n.01) = 6.50)-

i -1 812‘146 5
1i the co¥l

84

The Dbiolo-

~maters used in the regression

, tiroe different cquations relating

4.20)

4.20 represents the
s the lineer eauation (Zqa. 4,18),
sle 1, also shows satisfactory correlation,
.20 is sionificent at 39 percent leve]
\n this cose also, almosi no improve-
;on is made by the use oL refined values

jpo three equations obtained witn the
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= iz - S ..._.-:, ABSITN ol . eeLIVvVIitY, e ctroic
— irathyl-_2-0r0.0 v, i pog fc -
s — e B -
= [
= (':HCH_I\.;
R A ____,__:_t..._-—- . F__ .“ '
x & 1.
0. 00 7, -
) 000(0.000) 7.46 7.46 = 1B
594(0.410) - 16 ;.51 <
. N c (- D
1 v i) ' 8,68 7
o ; [ IR 2. .51 '53
I ° [ R (‘)5_5-1
E . 0.14 9.25 ] ?1
i 0.31 | o ';2
.@ I / 0-35 7-52 8.51 g.?z
ol 394(m j 0.40 8.16 5 ‘26
5 . 0. 41 <=0 5, 51 ':r
3 b, A, ] 0.36 u.4~0 6,51 J-:?
' 2 20
) ,- 'l\ . Ji, '0'07 & 3.51 ol 65
ol 7 0.005(0- " | 8.98 8.91
B F 0-805(0' .4'111 : 8098 0.91
cii. F 0.605(0. - e x : 8.98 3.20
I ! O.SO5<O' ' ' 8-98 8.8
. & " sl 0.52 8.92 - 5
Br I" 0.805 . O OA. 098 8-80
CilL o1 O.805(O° " .' 9 o 8.98 9.09
S geoso - B A
. (0. 8.98 8. 77
BI’ e . I\ 0.08 9-22 8.98 9 O'_,
CH BY N . 9.30 5. 98 93;
il '.::3 ! N ol -
CL'.’. ( ) 0.10 8.98
Br : ’ 2.06
. - the A i



- p
= T /CIX) t o ’\ )
1
= 1 s = Je — = } g
b
\ 2 N / — A\
1/c = =0.. / 1607 (K . 2
— ) | o = % r‘), = ‘ BL = 137
l 1 v < L' 4 (1 )_1 6 )
,', t’j, i J 3 1 i s ~ Lo :Q?C/‘
Lo
il R N
0° 1/e = =0, 437K +1.353 K + 1.2676 + 2.265 (4.24)
— C R | = LR 5 2y &
n = 1u, r=0 24 S = 04 2% y FT/‘ = 25+00
and « o Ll to
lo: 1/c = 0,598K + 0.7986 + 2.913 (4,25)
n= 18, r = 0:843, 8 = 0.279; ¥F,. = 17.25
where they show better degree of correlations., =2ouation

4.24, like xn. 4,16 in exemnle 1, will bz preferrced here

over all., In tlis exemple too the correlation between the

electronic parameter itself end the activity is ver) poor.

b
n o A8, B = BTy 5= G608, T = 0.2

In example 3, the three different equations relating

activity and unrefined F are

lor 1/c = 1.415 X+ 7.874 (4.27)
}
n=22, r=0.604, s = 0.463, Fog = 11.54

)
log 1/¢c = 1.91 X + 8.227 (4,28)

i .
n= 22, r = 0,548, s = 0,486, Fy5 = 8.9

il



' -
= 1 MAK £ 24228 e 7, ( )
* - l - 4
s le 1
o U 1 1
< O! 3 - F ] = :.. G
t 95 n2rcernt level (lu'%"'a (0.05) = 3,52). .ouwe > too
U =% | ¢ > y i o1 A | > de e o
c lor f any uati «
log 1/e= 1.391(X Y + 7.862 (4.30)
n=22, T 0.606, s = 0.462, . 1.
—Z
lor 1/e = 1,139(%X) + 8.220 (4:31)
n=22, r = 0.543, s = 0_486’ ! = 8.65
5 _ = -2 s
loc 1/e = ~1.755( ®°) 3.285(X ) + 7.460 (4,30
n=22, = 0.6%4, g = 0. 461, " =@ 07

19

, raii ition of electroni o 4 e
But asain add cironic parameter, § ( Browm
and Okamoto constant (12)), is found to iuprove the correls

tions ; thus Sqn. 4.29 is modified to

-2 -
log 1/c = = 2,045 + 3.705%X - 0.618 gt . 7.460 (4.53)

22, r = 0.698, s = 0.439, ;.‘“‘ - 5.71

n = o

to account for the best correlacion bebween activity ang =

and 6‘*. The poor correlation bestween activity ang 6‘+ is

evhibited by Sqn. 4.34.



4 . )
/e = G ( .-
= ] iy 1 9 — " ' e A
: § : 0 -i-' vQ
1%
n =18, r=0.702, s = 0.525, - = 15.60
—92 _
lo~ 1/e = 0.776( X ) + 1.920 (4.36)
n=1&, © = 0.65'], 8 = O.lj_ﬂfo, F‘]I6 = 13.883
il .
lor 1/e = ~0.101. 7% + 1.386(X) + 1.513 (4.57)
2 D _
n = 1&'. 2 = 0-702, s = O.Ex‘.’_), ' — 6.‘q2
and unrefined 0nes co-recnondilngly give
1o~ 1/c = 0.971x + 1.719 (4.38)
4
= 18, T = 0.566, s = 0.608, F16 s 7.55
%, 2.022
7 o= 18 I = 0.526, s = Q627 , P 6,14
=2 = =
= Dy 081K 1.937TX + 1.461 (4.40)

2
n=18’ I‘=O.579, S:O°6217 '|5 3.54

f

- - | 0
Wow in this case two couations, £qn. 4.35 (linear) and Zom.

4.37 (parabolic), are both of them aré aimost squally improved
; i aramete 4
by the addition of the electronic para 3 I o {Yamamoto



_cont: % on to molecnl r ©C SetIvil, 21 i0UToiilg
rysmmeprer
| S
\@/"—CHZOH
—a. log 1 -
AL } _', /C
obsd” cald, cald,
B o B« 27 iL£8g.42
i 0.000(0,000) 0. 00 154 1.51 1.60
4-C1 0.324(0.410) 0.10 2..07 2.06 2.1%3
5, 4-C1, 0.805(0.827) 0,20 5.07 2. 59 .62
3,4_015 0.805(0.827) 0.18 507 2.59 2.69
rl,ﬁr,)"C_L; 1.215(1-2;[‘r) O- 2k, 3.32 Z.g‘ 3.10
5, 4y 50 1.215(1.244) 0.26 385 5,08 3.17
2-3r 0.411(0.417) 0. 18 2515 2,07 2,08
B 0.394(0.410)  0.12 2.27  2.06 2.06
-1 0.394(0.410) 0.12 2.75 2.06 2.06
7. T 0.334(0.410)  0.03 2.79 2.06 2,37
2, 4-lie, 0.805{0.827 0.06 2.14 .59  3.09
2 e -
4-C1-3,5-Me, 1.215(1.244)  0.16 3.05  3.08 .51
4T3, 5-1e 1.215(1.244)  0.28 3,42  3.08 3.0
o 8 1_321(1,311) 0. 41 2.49 3.16 2.78
4_3}02 1.304(1.020) 0. 41 2.00 2.82 2.67
4—032 0.932(0.450) 0.24 1.67 2.92 1474
s o, 41 ity Oeld 1.33  2.07 1.91
) 0.394(0.410) 0,17 1.39 2,06 1.90
R [ ———
. ket 1S the refined value of x

Within brac

b an from ref. 12.

Data tals
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iz thus conteins 4 chenters in 21l. The
co:r te g acech choniay are Sul rized bzloir.
¢ 2 OIS
i chapter 1 ;iQ S0 of the indices of
.1ectronic struetu 2, nh as chirpe density, frse velence

¢ the hish2st occunied and lowest wioccunied

agulsr orbitals ete., nich rre useful in the discussion

b
-

D

of tre activity ol chemicols. The proparties related 1o

them ore also discussed, €.8.» the #ve and -v- -+ r densi-

es cre mentioned ©O be indicative of the position of

~ttack of nueleophilic and electrophilic reagents respec-

1T € molecule. Likewise =« R P S—

to be jndicative of nosition of free radical attacl.

The energie- of 0110 (hishest occupied moleculsr

orbital) and Tutio {lowe=t unoccupied molecular orbital) are
giscussad to pe of use in determining the electron-donor
snd-acceptor properties of the molecules respectively. Thus
Ehe prope“ties related O 11 the electronic indices mentioned

angged in this chapter.

- AT Een

phis chapter discusses bthe two moleculor orbital
methods +hat have been o€’ +o calculate the electronic
indices: the iickel approximatlon ond the Zero Differential

these methods are utilized

Overlap(ZDO) app rox imation.
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G 6 v et ¢ i1ndii i3z olso discussel
o . A t T etuagl ) orne by Lhe
9 7 ) e 3 v FO]_}OV': Tl 1S e di .’"C?l,fsed.
i Ghepierl X ctivity oi az2l phitheleneg with nucleophiles
| ?Ct]”(_’)i 11?3.
ased on ~ net ch-TrIes onn the dirferent nozitions

snn pel-tive recetivity of the differ

in ssalk
hooi hions .Y these 7"‘.01-.3017.1-1_?5‘ towords nucleOnh:‘_leF anéd
1eatrophi? i8 3iscussed ~nd a fundzmental reactivity
substituents is inverpreted

~de each tyne

P
hatters 07

Towcrds the meleophilic substituents the general
e ity pattern ~ these molecules are as follows.

s nitrogen at po=-1 1 of the Tin -, the most

. s 37 i L g St )
reactive centres ULOWe* l ( :
would D€ position&Q end 4, LT they ere free (no mitrocen at
4o 1B tho se azanaphthalenss wBbre vasiifon

them), and 2 7
5 ig occupied BY & nitrogen Wd position 1 is free, the most
centre would be position 1 and the next would be
it is free. Tn other azenaphthalenes the

[ trogsell gould be tre mogt reactive and

b

e

position %
bl f_s'+'.ure a&n t wo

. E 5 .
would be the position adiacent 1o one nitrogen and

oppo- - to othel.



Si ¥ & 3790 e 4 U S0 tFane
1:e "d lect ili¢ subsiti't 0 ction
) 0 01lors, 0r t reretive g2 tre
c leetronhil i Zan thal ould be
" ti2 Hosition G o) iltro~e in~ly present
in o gf & two rings. If th2 nitro e present
in one ri G 4 t 081%ion 5 or £ ol §13
constitute the most ctive centre towsrds such sy tituents.
2« dnterroleculzy i -J__.j‘__zﬁcft_'_'o;’l_o_:l_z;ijt;iogz_-_ heteroayren

The intermolecul:r interaction of some 1itrosen
A~ b ] o ] @ ¥ o = o 3 . Y PR : A
leterocyclices ls diseussed in the light of theip electronic
strueture. Lt was found thet the heteroeyclics irteracting
3 N
with nucleotide bases possess the followins proverties

Firstly, they have some structural similerity with the
complement of the base with which they interact ang secondly,
tre electronic chesrge density at their electroner~tive element
that would participate in the hydrogen bond formation with

the base is comparable o thet at the same in complementary
hrge, It was therefore inferred that, in feneral, g
nitrogen heterocyclics havin these properties wiqj be aBles

to interact with nucleotide bases,

5. TInteraction of carboxylic aclds with adenine;

The interaction of some carboxylic acidsg, recently

observed, with adenine is interpreted theoretically £5
e Uy .
involve the charge-transfer mechanism. The interpretation
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4o s Tr 2l A vl@ ©CUIVITVY O 501 2 O Nophosphorus compaunds:
T e e .
PRRRE N vie @aeuivit of oi onhosr™orus comnounds
:1-%ed to : are ol 3 o8 Hed
U erfdeloeelizibility
- xir mhot oM to to the hond-ordsr of traeir
- .
e L S el tionghiy of antibacterial
= (" v A P

el-tienshin of antibacterial activity of o

M~ +
et B

rieg oF emino and [luorinsted acridines with thejir electro-

jie structure is established. A statistical rerrecgion

;1-zis reverls linesr correlation between the activity

4))

d elzetronie charge at the ri; nitroecen.

Chapter, Foux:

— ——

Chapter 4 introduces a new peramster known as mole-—

culer con-eobivity index. Inis molecular conmnectivity index,

~. , has been found to be relcted lineesrly with several

physical parame tors and lineerly or parabolically with
piologzical activities. Presently the aubhor has attempteq
in this chapter, tO correlete this index with moleeular
orbital indices. Seversl molecular orbital indices, such s
encrgy of MO0, delocalization energy, locelization energy

sre found parabolically and lanearly correlated with x ,

ete.,
a.'t'term,‘)t has also been made to Correlate the Substituents

Further
on to molecular connectiVity index with hiolorieal

contributi
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7 utke olennlios A MEF olie eco r=lat on

s, 1o hje v K & tbotyeen scTivitr

c -nhe gi tusnt eo tpibution, X . to T Nlsenlom
5 jyrd inde:, & 3 Wwes fornd tO yre siTifiermt.
i ~tign iz found to b cyptt p iomroved by addition

SOV 2 7 ror - izte ~leeironlc amet » in the re-ression



